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This  handbook  represents  the  final  culmination  of  the  work  accomplished  during  five  phases  of 
contract  F336 1 5-73-C-5 171,  Adhesive  Bonded  Aerospace  Structures  Standardized  Repair  Handoook, 
by  the  Boeing  Commercial  Airplane  Company,  P.O.  Box  3707,  Seattle,  Washington. 

r-  1 ^ j 

The  Phase  1 report  was  a limited  distribution  documen^The  other  phase  reports  ^re  as  tollows: 

Phase  lI-AFML-TR-'^^-l^g  iii-A  pmi  Phase  1V-AFML-TR-76-201/AFFDL-TR-76-1 3 1 . 

I hese  phase  reports  contain  the  material  and  di^sjidlls  that  lad  to  this  llailUPook.  Further  work 
is  being  performed  to  optimize  the  phosphoric  acid  non-tank  anodize  method  (PANTA)  and  to 
provide  additional  adhesives  data.  This  data  will  be  submitted  later  as  an  amendment  to  this 
Handbook. 

The  work  was  accomplished  under  the  joint  sponsorship  of  the  Air  Force  Materials  Laboratory 
(Project  7381 /Task  06)  and  the  Air  Force  Flight  Dynamics  Laboratory  (Project  1368/Task  02). 

W.  SC'Urdmo,  AFML/MXE  ofTTfe  Materials  Laboratory,  and  Mr.  H.  Croop,  AFFDL/FBS  of  the 
Flight  Dynamics  Laboratory,  were  the  Air  Force  project  engineers. 

Mr.  J.  E.  McCarty  was  the  Boeing  program  manager,  and  Mr.  R.  E.  Horton  was  the  principal  investiga- 
tor. Other  Boemg  personnel  who  made  technical  contributions  tojhe  program  and  their  areas  of 
activity  are  as  follows:  M.  C.  Locke,  Materials;  M.  L.  Satterthwait,  Manufacturing;  and  B.  D.  Parashar, 
Quality  Control.  -- --  _ 
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This  work  was  performed  in  the  period  from  1 October  1973  through  30  September  1977. 


The  Naval  Air  Systems  Command  (Mr.  John  Gurtowski)  and  the 
Naval  Air  Development  Center  (Mrs.  Gladys  Hargreaves) 
furnished  support  and  coordination  for  this  program. 

Background  data  and  information  for  this  program  were 
furnnished  during  facility  visits  by  Northrup, 

Rohr,  Lockheed/Burbank,  Lockheed/Ga. , Bell  Helicopter, 
General  Dynamics  Ft.  Worth,  United  Airlines,  Pan 
American  Airlines,  San  Antonio  Air  Logistics  Center, 

Warner  Robins  ALC,  Sacramento  ALC,  Naval  Air  Rework 
Facilities  at  Cherry  Point  and  North  Island,  Army 
Repair  Depot  Corpus  Christ!,  and  Picatinny  Arsenal. 
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1.0  INTRODUCTION 


The  purposes  of  this  handbook  are  ( 1 ) to  provide  standard  methods  for  the  repair  of  adhesive-bonded 
aircraft  structure  and  (2)  to  identify  the  materials  that  are  suitable  for  various  aircraft  operating 
environments.  The  objective  in  selecting  the  methods  and  materials  has  been  to  restore  the  part  to  its 
original  strength  and  durability.  The  use  of  these  methods  is  recommended  to  promote  utilization 
of  standard  repair  procedures  regardless  of  the  particular  aircraft  type. 

The  surface  preparation  methods  presented  here  have  been  selected  as  the  best  of  the  methods  evalua- 
ted. Items  considered  in  the  selection  were  suitability  for  use  in  the  field  and  depot,  strength,  and 
long  time  resistance  of  the  bondline  to  various  environments.  The  materials  that  were  selected  were 
chosen  because  they  are  currently  being  successfully  used  and  because  their  service  performance  has 
been  satisfactory. 


1.1  CONTENTS  AND  LIMITATIONS 

This  handbook  contains  a description  of  standard  methods  for  the  repair  of  bonded-sandwich-  and 
metal-laminate-type  aircraft  construction.  The  items  covered  include  prerepair  damage  evaluation, 
preparation  of  the  part  for  repair,  a description  of  the  materials,  and  repair  procedures.  The  repair 
methods  designated  in  section  6.0  will  cover  the  majority  of  small  damage  repair  cases.  These 
methods  have  been  selected  from  those  used  in  the  current  aircraft  repair  technical  orders  (T.O.’s). 
Large  area  repairs  are  covered  in  section  7.0.  Postrepair  inspection  instruction  is  also  included. 

A direct  substitution  can  usually  be  made  between  the  methods  and  materials  presented  here  and  those 
in  the  T.O.  In  general,  an  equivalency  or  improvement  in  repair  quality  can  be  expected.  The 
handbook  is,  however,  intended  to  supplement  but  not  to  supersede  the  specific  aircraft’s  repair 
T.O. 


NOTE;  The  aircraft’s  T.O.  must  be  consulted  regarding  such 
information  as  repair  size  and  weight  limitations  and 
operating  environment.  The  repair  limitations  have 
been  established  by  the  manufacturer  based  on 
criticality  of  the  specific  aircraft.  Violation  of  these 
may  cause  problems  such  as  operational  difficulties 
with  control  surface  dynamics  or  structural  deficiencies 
in  critical  components  or  structural  failure.  Devia- 
tions from  these  limitations,  extension  of  the  methods, 
or  substitution  of  materials  shall  be  defined  or  authorized 
by  the  responsible  engineering  authority. 
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1.2  INSTRUCTIONS 


1.2.1  MANUAL  USAGE 
General 

The  general  procedures  for  use  of  thi.s  handbook  are  as  follows: 

1 . Determine  the  size  of  defect  or  the  extent  of  damage.  Procedures  to  be  used  for  damage  evalua- 
tion are  covered  in  section  2.0.  They  are  described  in  more  detail  in  section  10.0. 

2.  Review  the  individual  aircraft  T.O.  for  specific  information  and  instructions  for  the  type  of 
aircraft  being  repaired.  These  typically  include  the  following: 

• Structural  criticality  of  the  damaged  area 

• Limitations  such  as  the  maximum  weight  that  the  repair  may  add  to  the  structure,  etc 

• Identification  of  the  materials  used  in  construction  of  the  damaged  part  and  the  service 
temperature  requirements 

• The  type  of  repair  method  that  is  recommended  depending  on  the  location  and  type  of 
damage. 

The  degree  of  substitution  of  the  methods  and  materials  presented  in  this  handbook  shall  be 
defined  by  the  responsible  engineering  agency. 

3.  Determine  the  appropriate  repair  method.  If  the  damaged  area  is  relatively  small,  the  recommended 
repair  method  will  be  typically  defined  in  section  b.O.  If  the  damage  is  beyond  the  small  repair 
limits,  then  a large  repair  or  rebuilding  procedure  may  be  required.  This  is  covered  in  section  7.0. 
Any  limitations  on  the  use  of  these  methods  will  be  defined  by  the  responsible  engineering 
agency, 

4.  Obtain  the  materials  and  equipment  necessary  to  make  the  repair.  These  are  listed  for  small 
repairs  in  section  6.0  preceding  the  description  of  each  specific  repair  method.  They  are  defined 
for  large  repairs  in  section  7.0.  Specific  materials  that  are  to  be  used  are  further  defined  in 
section  4.0.  Tools,  equipment,  and  facilities  are  described  in  section  8.0. 

.'i.  Prepare  the  area  for  the  bonded  repair.  The  repair  method  procedures  describe  how  the  damage 
should  he  removed  and  how  the  surfaces  should  be  prepared  for  bonding.  Pay  particular  atten- 
tion to  caution  notes  regarding  handling  of  surface  preparation  chemicals  and  protection  of 
prepared  bonding  surfaces 

6.  (’omplete  the  repair  procedures.  Instructions  for  bonding,  for  subsequent  surface  protection  and 
sealing  and  instructions  for  inspection  are  given  in  sections  4.0  and  10.0,  respectively. 


I 


I 
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Other  Information  Sources 


The  information  in  this  handbook  covers  standard  repair  practices  for  adhesive-bonded  aircraft 
structure.  Information  that  is  specific  to  the  particular  aircraft  model  such  as  repair  limitations, 
construction  materials,  and  service  temperatures  are  covered  in  the  aircraft’s  repair  manual.  Standard 
practices  for  structural  repair,  in  general,  are  set  forth  in  T.O.  1-1  A- 1 . General  Manual  for  Structural 
Repair,  and  other  manuals  of  that  scries.  This  information  is  not  repeated  here.  It  should  be  utilized, 
however,  where  applicable.  The  methods  and  materials  specified  in  this  handbook  should  be  used 
unless  they  are  not  applicable  or  conllicts  exist  between  this  handbook  and  the  authorized  manuals. 

In  the  latter  case,  the  authorized  manual  shall  govern. 

Other  pertinent  information  is  available  in  various  military  handbooks  and  specifications.  A list  of 
applicable  specifications  is  given  in  section  1.4.  Design  properties  of  metals,  including  those  for  sheet, 
plate,  bar,  and  extrusions  and  for  mechanically  fastened  joints,  may  be  found  in  MlL-HDBK-5.  The 
properties  of  fiberglass  laminates  may  be  found  in  MlL-HDBK-1  7.  Analysis  and  design  methods  for 
sandwich  construction  are  included  in  MIL-HDBK-23.  Properties  of  core  materials  can  best  be  found 
in  the  appropriate  MIL  specs,  e.g.,  MlL-C-7438  for  aluminum  honeycomb  core.  Other  applicable 
specifications  for  core  materials  are  listed  in  section  4.0. 

1.2.2  PERSONNEL  QUALIFICATIONS 

Repair  personnel  must  be  fully  qualified  in  the  preparation  of  repair  materials  and  in  the  repair  of 
bonded  honeycomb  sandwich  and  metal  laminate  construction.  Inspectors  must  be  qualified  and 
skilled  in  the  use  of  the  repair  and  inspection  equipment  specified.  Qualification  requirements  for 
bonding  technicians  are  covered  in  MIL-A-83377.  Qualification  of  inspection  personnel  shall  be  per 
M1L-STD-410D. 

1.2.3  WORKMANSHIP 

The  ability  of  the  bonded  repair  to  perform  satisfactorily  for  the  remaining  life  of  the  aircraft  is  very 
dependent  on  how  well  the  repair  is  made.  It  is  essentially  that  the  procedures  outlined  in  this 
handbook  be  carefully  followed  and  that  all  repairs  be  done  in  a good  workmanship  manner. 

Honeycomb  structure  can  be  extremely  fragile.  Special  care  may  be  required  to  prevent  damage  to 
the  surrounding  structure  during  the  repair  operation.  Protective  covering  shall  be  placed  around  the 
repair  area  where  applicable. 

1.2.4  REPAIR  ATMOSPHERIC  ENVIRONMENT 

Requirements  for  the  bonding  repair  environment  are  specified  in  MIL-A-83377.  The  area  where 
surface  cleaning  of  the  parts  is  done  should  be  isolated  from  operations  that  generate  dust,  oil 
vapors,  or  other  contaminants.  All  personnel  handling  cleaned  parts  shall  wear  clean,  white,  lint-free 
gloves. 

Immediately  after  cleaning,  parts  should  be  moved  into  a controlled  atmosphere  area  for  bond 
assembly.  If  the  cleaning  and  controlled  bonding  areas  arc  not  in  the  same  proximity,  after  cleaning, 
the  parts  should  be  scaled  in  noncontaminating  wrapping  for  transfer  to  the  controlled  atmosphere 
layup  area.  The  environment  in  the  controlled  area  shall  be  as  speVified  in  the  previously  referenced 
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specification.  Operations  that  generate  ilust  or  other  airborne  contaminants  in  the  controlled  area, 
such  as  sanding  or  grinding,  should  be  forbidden.  Similarly,  smoking  or  eating  in  the  controlled  area 
should  he  prohibited. 

Where  practical,  it  is  recommended  that  parts  be  removed  from  the  aircraft  for  repair  in  the  shop. 

If  is  recognized,  however,  that  some  repairs  will  of  nece.ssity  be  made  on  the  aircraft.  In  these  cases, 
special  care  must  be  taken  to  prevent  the  cleaning  solutions  from  contacting  surrounding  surfaces. 
fs/H’ciulIv  the  siirfaees  o)  hijih  strength  steels,  or  from  entering  crevices.  Precautions  regarding  con- 
tamination of  the  repair  area  during  and  suhsei)uent  to  cleaning  also  apply.  Bonding  of  the  part 
should  be  completed  as  soon  as  possible  after  cleaning  to  minimize  subseiiuent  contamination. 

1.2.5  REPAIR  MATERIALS 

All  materials  used  in  the  bonded  repair  shall  conform  to  applicable  (lovernment,  or  other  acceptable, 
specifications.  Care  must  be  taken  to  ensure  that  materials  requiring  refrigeration  maintain  proper 
temperature  levels  during  transit  and  until  placed  in  receiving  storage.  During  storage,  proper  fempera- 
ture  and  humidity  controls  must  be  provided. 

Upon  receipt,  it  shall  be  ensured  that  materials  meet  minimum  s|H'cification  requirements.  This  can 
Iv  accomplisheil  by  performing  in-house  tests  or  by  requiring  that  the  supplier  funiish  certified 
qualifying  test  results.  A guide  to  those  types  of  tests  that  should  be  conducted  in-house  is  given 
in  section  4.0.  All  material  shall  be  clearly  marked  to  indicate  its  storage  or  expiration  date.  Out- 
dated material  shall  be  requalified  or  discarded  (vr  the  applicable  control  specification. 

Instructions  regarding  material  handling  and  storage  must  be  carefully  followed.  Refrigerated 
polymeric  materials,  e.g..  adhesives,  potting  compounds,  sealants,  etc.,  must  be  allowed  to  stabilize 
at  room  temperature  before  opening.  The  material  should  be  hermetically  sealed  belore  being 
returned  to  storage  and  the  out-time  recorded.  .Special  precautions  should  be  taken  in  handling 
llammable  materials. 

Cleaned  and  primed  metal  details,  to  be  stored  rather  than  immediately  used  in  a bonded  assembly, 
should  be  wrapped  in  oil  free  Kraft  paper,  black  polyethylene  film,  or  a similar  material  as  a protection 
from  deterioration  caused  by  ultraviolet  exposure. 

1.2.6  QUALITY  ASSURANCE 

An  effective  quality  assurance  program  should  be  conducted  concurrent  with  the  repair  procedures 
to  assure  satisfactory  end-item  strength  and  durability.  Materials  and  material  handling  should  meet 
requirements  in  the  applicable  specifications  including  proper  storage  ami  adherence  to  shelf  life 
stipulations.  Processing  steps  should  be  carefully  followed  with  emphasis  on  those  items  concerned 
with  maintenance  of  a properly  prepared  bonding  surface  and  good  prefit  of  part  details.  Processing 
procedures  .should  be  checked  at  critical  steps  to  assure  specification  conformance. 

After  completion,  the  (]uality  of  the  repair  should  be  evaluated  for  approval  by  the  responsible 
ma i n t e na  n ce  pe rso n ne  1 . 
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1 .3  SAFETY  PRECAUTIONS 


The  following  safety  precautions  must  be  strictly  observed  while  making  repairs  or  removing  moisture 

from  the  structure: 

1 . If  the  repair  is  to  be  made  while  the  component  is  on  the  aircraft,  the  aircraft  and  repair  cart, 
if  used,  shall  be  statically  grounded.  Only  approved  explosionproof  electrical  equipment  shall 
be  used.  Electrical  equipment  shall  be  grounded  while  in  operation. 

2.  When  repairs  are  being  made  to  a hole  over  a fuel  tank  area,  the  fuel  tank  shall  be  purged  and 
checked  continuously  for  an  explosive  mixture.  The  repair  area  shall  be  kept  well  ventilated. 
Special  precautions  should  be  taken  while  working  with  flammable  materials.  Firefighting 
equipment  shall  be  available  during  the  repair  operation. 

3.  Adequate  ventilation  shall  be  provided  during  the  mixing  and  use  of  adhesives,  solvents,  and 
cleaning  solutions.  Avoid  breathing  fumes  from  these  materials. 

4.  Always  add  acid  to  the  water.  Never  add  water  to  the  acid.  The  solutions  should  not  cotne  in 
contact  with  the  skin  and  clothing.  In  case  of  contact,  they  should  be  washed  off  immediately 
with  generous  amounts  of  cold  water.  Always  wear  eye  protection  and  rubber  gloves  when 
using  these  solutions. 

5.  Wear  heat  insulating  gloves  when  handling  hot  equipment  and  repair  materials.  Respirators 
should  be  worn  for  operations  creating  excess  dust,  such  as  sanding  metal  or  fiberglass. 

6.  CLOSELY  OBSERVE  ALL  APPLICABLE  BASE  AND  FEDERAL  SAFETY  STANDARDS. 

SPECIAL  NOTES  CONCERNING  THE  USE  OF  SOLVENTS 

Because  of  the  continued  necessity  to  use  solvents  while  accomplishing  bonded  repairs,  their 

potential  problems  as  a danger  to  health  and  the  incidence  of  fire  must  be  given  special  consideration. 

Pertinent  general  information  concerning  the  use  of  solvents  is  given  in  subsequent  paragraphs. 

Refer  to  T.O.  42A1-1-3  for  any  additional  information. 

Health  Hazards: 

1.  If  absorbed  through  the  skin,  solvents  may  cause  dermatitis.  They  can  dissolve  natural  skin  oils 
and  result  in  drying  and  cracking  of  the  skin,  rendering  it  susceptible  to  infection.  Solvents  may 
cause  irritation  and  allergic  reaction  to  sensitive  individuals. 

2.  If  vapors  are  inhaled,  solvents  can  cause  mild  symptoms  of  headache,  fatigue,  nausea,  or  visual 
and  mental  disturbances  during  prolonged  and  repeated  exposures  to  moderate  concentrations. 
Severe  exposures  may  result  in  unconsciousness  and  even  death. 

Solvent  vapors  can  also  act  as  an  anesthetic,  or  cause  irritation  of  the  eyes  or  respiratory  system. 
They  can  result  in  blood,  liver  and  kidney  damage  if  the  solvents  are  specific  agents  for  these 
organs. 
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3.  Solvents  are  luirniful  if  swallowed.  Symptoms  may  be  similar  to  those  of  vapt>r  inhalation. 


Minimize  Personal  Exposure 

Personal  eontaet  with  the  lii)uid  or  inhalation  of  vapors  should  be  minimized  or  eliminated  by 
engineering  techniques  such  as  enclosure  of  the  process  or  equipment,  isolation  of  operations  and 
use  of  local  exhaust  ventilation  and  protective  clothing  and  equipment.  Personnel  should: 

1.  .Avoid  solvent  contact  with  the  skin.  Wear  rubber  or  neoprene  gloves  wlien  Irandling  liquid 
solvents.  Other  equipment,  such  as  impervious  aprons,  sleeves,  coveralls,  and  boots,  may  be 
necessary  in  certain  operations. 

2.  Avoid  eye  exposure  to  licpiid  solvent,  vapor  or  overspray,  by  wearing  chemical  goggles  or  other 
approved  eye  protection. 

3.  .Avoid  using  solvents  as  skin  cleansing  agents.  If  solvent  contacts  the  skin,  wash  the  affected  area 
immediately  with  soap  and  water  and  apply  a skin  conditioning  cream,  lotion  or  ointment. 

4.  Avoid  breathing  solvent  vapors.  Use  solvents  only  in  well  ventilated  areas.  Use  respirators  such  as 
the  chemical  cartridge  type,  gas  masks  or  airline  full-face  respirators  where  there  is  a lack  of 
engineering  control  and  high  vapor  concentrations  exist. 

.Avoid  using  solvents  for  unauthorized  or  unapproved  purposes.  Use  only  for  purposes  called 
out  in  appropriate  specifications. 

Minimize  Fire  Hazards 

To  eliminate  or  minimize  the  danger  of  fire  and  consequent  destruction  of  life  and  property,  fiammable 
solvents  should  be  used  only  in  areas  approved  and  with  methods  recommended  by  the  local  fire 
safety  authority.  These  include: 

1.  All  names,  smoking,  sparks  and  other  sources  of  ignition  must  be  eliminated  from  areas  using 
solvents. 

2.  Non-spark  producing  tools  should  be  used. 

3.  (’lothing  or  proces.ses  creating  static  electricity  should  be  eliminated  or  properly  grounded. 

4.  All  electrical  equipment  (lights,  motors,  wiring,  etc.)  must  meet  the  electrical  and  fire  codes 
for  .such  locations. 

5.  Flammable  solvents  should  be  kept  in  closed  containers  and  only  in  quantities  to  s;itisfy 
immediate  use. 

b.  Provide  adequate  ventilation  to  prevent  buildup  of  vapors. 
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1.4  LIST  OF  REFERENCES 


SPECIFICATIONS 

Federal 


MMM 

Military 

Mll-A-S,Vnb 

MlL-A-83377 

MlL-C'-74.^8 

MIL-M-3.S780 

MlL-l-(i870 


Adhesive.  Heat  Resistant,  Airl'ratne  Structiirai,  Metal  to  Metal 
Clean  Room  and  Work  Station  Requirements,  Controlled  Environment 

Adhesive.  Metallic  Structural  Sandwich  Construction 

.Adhesive  Bonded  .Muminum  Honeycomb  Sandwich  Structures,  Acceptance 
Criteria 

Adhesive  Bondinji  (Structural)  for  .Aerospace  Systems.  Requirements  for 

Core  Material.  Aluminum  for  Sandwich  Construction 

Specification  for  Nondestructive  Inspection  Application  Manuals 

Inspection  Projiram  Retiuirements.  Nondestructive:  for  Aircraft  and  Missiles 
Materials  and  Parts 


STANDARDS 


Military 

MlL-STD-7o8(  ASG)  Instructions  for  Repair  of  Aircraft  and  Weapons  Sandwich  Structures. 
Part  II -Metal  Construction 

MIL-STD-8(iO  Fokker  Ultrasonic  Adhesive  Bond  Test 

MIL-STD-4I0D  Qualification  of  Inspection  Personnel 

MANUALS 


Military 
T.O.  1-1  A-l 
T.O.  1-1-2 


T.O.  33B-I-I 


T.O.  l-l-l 


General  Manual  for  Structural  Repair  (Navair  01-1  A-l ) 
Corrosion  Prevention  and  Control  for  Aerospace  Equipment 
Nondestructive  Inspection  Methods 
Cleaning  of  Aerospace  Equipment 
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T.O.  1-1-4 

T.O.  1-1-8 

CATALOGS 

ri4-i. : 

68000-ML-AF 

HANDBOOKS 

MIL-HDBK-5 

MlL-HDBK-1  7 
MlL-Hl)BK-:3 

MlL-HDBK-(i4l 


Exterior  Finishes 

Application  of  Organic  Coatings,  Aerospace  Eciuipment 

Federal  Supply  Code  for  Manufacturer’s  Cataloging  Handbook 
Federal  Supply  Catalog,  Management  Data  List 

Military  Standardization  Handbook,  Metallic  Materials  and  Elements  for 
Aerospace  Vehicle  Structures 

Military  Standardization  Handbook,  Plastics  for  Aerospace  Vehicles 
Military  Standardization  Handbook,  Structural  Sandwich  Composites 
Military  Standardization  Handbook,  Adhesives 


2.0  DAMAGE  ASSESSMENT 


2.1  GENERAL 

The  detection  of  defects  in  honeycomb  sandwich  or  metal-to-metal  bonded  assemblies  is  an  important 
part  of  the  maintenance  program.  If  a defect  is  detected  early,  it  may  usually  be  repaired  simply  at 
the  field  base.  If  allowed  to  propagate,  it  may  endanger  the  safety  of  the  aircraft  or  require  a more 
costly  repair  at  a major  repair  depot. 


The  early  detection  of  m'  or  holes  where  moisture  can  get  into  honeycomb  panels  is  especially 

important.  The  presenci.  .oisture  will  cause  the  thin  foil  core  to  corrode.  Freezing  and  thawing 
of  the  imiisture,  either  on  the  ground  or  during  flight,  may  cause  bond  delamination.  During  high 
speed  night,  pressures  developed  by  the  moisture  due  to  the  high  temperatures  may  destroy  the  panel. 
If  there  is  a need  to  delay  the  repair,  as  a minimum  precaution,  any  moisture  should  be  removed  and 
the  panel  sealed  immediately. 

Little  difficulty  will  be  encountered  in  evaluating  external  damage.  The  blind  construction  of  sand- 
wich. however,  makes  it  more  difficult  to  detect  damage  that  is  internal.  There  are  nondestructive 
inspection  methods  capable  of  detecting  much  of  this  damage.  These  methods  range  from  the  simple 
coin-tapping  method  to  the  more  definitive  ultrasonic  and  X-ray  techniques.  Selection  of  the  best 
inspection  method  will  depend  on  several  factors:  accessibility,  type  and  size  of  defect  sought, 
permissible  inspection  time,  operator  capability,  and  equipment  availability.  The  amount  of  damage 
or  size  of  defect  that  can  be  sustained  without  repair  and  the  urgency  of  repair  will  depend  on  the 
criticality  of  the  particular  aircraft  component.  This  infonnation  may  be  found  in  the  aircraft’s 
repair  manual. 


A summary  of  the  types  of  defects  that  are  typically  encountered  and  the  inspection  techniques  that 
are  used  to  detect  and  evaluate  them  is  given  in  table  2-1.  A brief  description  of  these  is  given  in  the 
following  paragraphs.  A more  detailed  description  of  the  nondestructive  inspection  equipment, 
procedures,  sensitivity,  etc.,  is  given  in  section  10.0. 


2.2  TYPICAL  DAMAGE  ASSESSMENT  METHODS 


2.2.1  EXTERNAL  DAMAGE 

.XirL-ral't  structure,  in  general,  is  ijuite  susceptible  to  mechanical  damage  due  to  its  typically  lightweight 
construction.  I his  is  especially  true  of  sandwich  structure  which  commonly  uses  thin  gage  skins  or 
core.  Operational  damage  such  as  impact  from  runway  debris,  hail  impact,  or  other  sersice  damage 
is  a common  occurrence.  Damage  is  also  caused  by  contact  ot  service  and  maintenance  personnel 
and  eiiuipnient. 

In  most  cases,  mechanically  caused  damage  is  evident  from  visual  inspection.  It  may  be  desirable, 
however,  to  more  closely  define  the  damage  extent  in  order  to  determine  the  repair  procedure  in 
conformance  with  the  repair  manual  limitations.  Accurate  damage  assessment  is  necessary  to 
determine  if  the  structural  properties  of  the  part  can  practically  be  restored  ami  if  it  is  more  economical 
to  rebuild  rather  than  replace. 

Scratches 


The  detection  and  repair  of  scratches  is  important  for  several  reasons.  Scratches  seriously  degrade 
the  metal’s  resistance  to  fatigue  failure.  Scratches  that  penetrate  the  protective  coating  leave  the  skin 
unprotected  from  corrosion. 

Ihe  length  and  depth  of  the  scratch  and  the  proximity  of  multiple  scratches  should  be  noted.  The 
depth  can  be  determined  with  a depth  gage.  Whether  the  .scratch  has  penetrated  the  cladding  can  be 
determined  by  applying  caustic  soda  (sec.  0.2)  to  the  area.  It  the  clad  has  been  penetrated,  the  base 
metal  will  turn  black  in  contrast  to  the  unaffected  cladding.  I'he  caustic  solution  must  subsei|uently 
be  removed  by  thorough  rinsing. 

Criteria  concerning  scratch  repair  may  be  lound  in  the  l.O.  manuals.  Repair  prcicedures  tor 
small  scratches  are  described  in  section  0.2.  More  extensive  repair  procedures  are  covered  in 
section  7.0. 

Dents 

The  occurrence  of  dents  results  in  a general  weakening  ot  the  structure.  Dents  in  critical  areas  can 
result  in  premature  structural  failure. 

The  existence  of  dents  can  be  noted  visually  (fig.  2- 1 ).  The  diameter  ami  depth  should  be  measured. 
The  depth  can  be  determined  with  a depth  gage. 


If  a brittle  adhesive  was  u.sed  in  construction  or  if  the  skin  is  quite  thick,  the  area  around  the  dent 
may  be  delaminated  or  otherwi.se  damaged.  I'his  may  be  checked  by  tapping  or.  more  accurately, 
with  ultrasonic  equipment.  Deep  dents  may  be  checked  lor  cracks  using  an  eddy  current  meter.  It 
a crack  exists,  the  presence  of  moisture  can  be  checked  using  X-ray  techniques. 


Criteria  concerning  dent  repair  may  be  found  in  the  particular  aircraft  repair  manuals.  Repair  pro 
cedures  for  minor  dents  are  described  in  section  (■>..T  More  extensive  repair  procedures  are  described 
in  section  7.0. 
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Figure  2-1.— Dents  in  Surface  of  C- 141  Wing  Trail ing-Edge  Panel 


Edge  Crushing 

Eiiiie  crusliint;  (siuli  as  that  shown  for  a weapon's  hay  door  in  fig.  2-2)  oan  he  detoclod  visually. 

Similar  to  dents,  the  ilamage  may  extend  beyond  the  obviously  crushed  area.  .X  more  precise  defini- 
tion of  the  damage  extent  may  be  determineil  by  tapping  or  ultrasonics.  Specific  criteria  for  repair 
of  edge  crushing  may  be  found  in  the  aircraft  repair  manuals. 

Quite  often,  this  type  of  damage  breaks  the  edge  seal.  The  panel  should  be  checkeil  for  water 
ingestion.  Fhis  can  be  ilone  using  X-ray  methods. 

rite  repair  procevlures  for  crushing  dama.ue  are  covered  in  subsetiuetil  sections.  Repair  of  minor  damage 
is  covered  in  sections  o."'  and  b.S.  Large  repair  is  covered  in  section  '^.0. 

Piinetures  and  Gouges 

Punctures  and  gouges  such  as  that  sustained  by  the  C'-I41  auxiliarx  power  unit  (.APID  access  panel 
shown  in  figure  2-.)  may  be  detected  visualK’.  The  presence  of  moisture  surrounding  the  penetration 
area  should  be  checked  by  \-ray. 

Repair  procedures  for  relatively  small  damage  of  this  type  are  covered  in  sections  (v4.  tv.'',  and 
Procedures  for  larger  damage  repair  am  covered  in  section  7.0. 

Skin  Cracks 

Cracks  commonly  emanate  from  fastener  holes  at  panel  edges  or  at  fitting  attachment  points.  They 
al.so  may  parallel  the  edge  of  panels  that  Ilex  from  sonic  fatigue.  The  larger  cracks  can  be  detected 
visually  either  unaided  or  using  optical  magnillcalion.  Smaller  cracks  can  be  detected  using  an  eddy 
current  meter.  If  cracks  are  detected,  the  presence  of  moisture  should  also  be  checked.  This  can 
best  be  done  using  \-ray  methods. 
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Figure  2-2. -F  111  Damaged  Weapons' -Bay  Lower  Door 


CritiTia  lor  ivpaii  irl'skin  crai  ks  an-  roiiiicl  in  llu’  aiivral'l  ri'pair  manual.  I’roocilnros  lor  Iho  ivpair  of 
sntall  (.racks  an.'  iiuhuli'd  in  sct-'lion  ('.4.  I’roi'i'ilnn's  lor  lari:(,'r  ilamapo  arc  covi'ivil  in  sciiion  7.0. 

( All  riON:  IK)  NOT  Use  Dye  IVncIrant  l‘«r  Crack  Delection  as 
riiis  Will  Permanently  Contaminate  Surfaces  f»)r 
Hoiulint:. 

2.2.2  INTI  RNAL  DAMAC.K 

Internal  ilamajrc  istpiilc  tyi’ically  in  llic  form  of  ilclaminalions.  cnishcil  core,  or  corrosion  iluc  to 
ingested  moisture.  Nondestructive  inspection  (NDI)  leclmii|ues  are  effective  in  delecliii!’.  Iliese  types 
(O'  damages. 

Delaininations 

Delaminalions  at  the  edge  of  a part  such  as  that  shown  in  figure  2-4  may  he  apparent  visualh  or 
delected  hy  lapping  or  ultrasonics,  Internal  delaminalions  may  often  he  delected  hy  viewing  the 
panel  at  a low  angle  to  the  surlaee.  l apping  is  a convenient  ami  effective  method  for  locating  the 
larger  voiiis  where  the  faces  are  thin.  Iap(>ing  heconie.s  le.ss  useful  where  the  delaminalion  is  small 
or  under  thicker  faces  or  multiple  douhlers  or  near  fillings.  I'or  these  eases,  ultrasonic  lechnu|ues 


sluntlil  In'  usi'il,  I'lii.isoiiK'  inslrumi'nls  sliouUl  .ilso  Iv  iivil  lo  Ivtlor  iIoIiik'  lln.'  InnituU  ol 
lioiis  loiiiul  l'\  Mi'i'ini;.  1 .110  iii.uu  t\  I'os  i«l  uIIi.im'iuo  oiiuii'iuonl.  Sovor.il  o(  (ho  .ttslniiiioMls 

.110  aosonln'J  111  si'olioii  1(1.0.  I ho  sootioii  .iIm'  Oosoiihos  I lion  o;i|'.il’ililios  ;iiul  vjiioiis  .uh;inhi^*os  .iiul 
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Figure  2-4.-Deliminaiion  of  Trailing- Edge  Panel 
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Moisture 

Moisture  in  honeycomb  saiuiwieh  is  a common  occurrence.  Moist  air  may  enter  the  panel  on  the 
ground  or  during  (light.  At  higher  altitudes  wlierc  (he  air  is  collier,  the  moisture  condenses  and  is 
trapped  in  the  honeycomb  cells.  In  some  cases  the  weight  of  the  water  may  be  ipiitc  large  and 
actually  impede  the  operation  of  a control  surface. 

In  addition  to  the  weight  problenis  and  high  temperature  aspects  mentioned  previously,  the  moisture 
works  to  destroy  the  panel  interior  (fig.  2-bl.  The  core  foil  is  very  thin,  and  even  comparatively 
light  corrosion  may  significantly  reduce  its  strength.  The  moisture  may  also  destroy  the  bond  to  (he 
core  or  faces  or  may  cause  corrosion  to  occur  on  the  interior  of  the  sandwich  skin. 

Inspection  for  water  usually  involves  X-ray  examination.  I his  may  be  done  with  portable  equipment 
or  by  moving  the  part  into  the  laboratory.  X-ray  examination  is  usually  not  done  unless  the  presence 
of  moisture  is  suspected.  Many  of  the  panels  examined  may  be  a particular  part  from  a specific 
aircraft  model  that  is  known  to  have  a chronic  moisture  problem. 

The  presence  of  moisture  in  panels  may  be  suspected  from  exterior  examination.  Quite  commonly. 


water  will  enter  a panel  after  the  surface  has  been  punctured  or  gouged  or  the  edge  seal  has  been 


broken  by  a bump.  Initially  a major  repair  might  have  been  prevented  had  a piece  of  tape  been 


placed  over  the  hole  to  prevent  moisture  entry  until  the  panel  could  be  repaired. 


1 Ik'  proscnci.'  of  moisluiv  can  lx-  suspected  wliere  delaiuinalion  occurs  near  a panel  edee.  I lie  condi- 
tion ol'edjie  seals  slioiild  be  examined.  Moisture  entry  at  Ictose  lasleners  is  a common  occurrence. 
Moisture  may  also  enter  tlirou!:li  a porous  edtie  hoiul  line. 

In  some  cases  the  UH>islure  remains  absorbeil  in  the  adhesive  layer  rather  than  condensing  in  the 
honeycomb  cells.  If  this  causes  delamination.  the  dama.ee  mav’  be  ilelecteil  In'  tapping  or  ultrasonics. 
Corrosion  on  the  underside  of  the  aluminum  skin  has  been  deteeted  most  suceesstulK  b\  the  use  ot 
acrnislical  emission  techni»iues. 

(ienerally.  where  moisture  is  detected,  the  panel  should  be  opened  up  sufficiently  to  determine  the 
extent  of  corrivsion. 

Moisture  removal  techniques  are  described  in  section  ‘^..k.x. 
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Corrosion 


After  an  adhesive  failure/disbond  begins,  one  of  the  major  structural  degrading  factors  is  corrosion. 
Corrosion  is  the  breakdown  of  a metal  due  to  electrochemical  action.  Corrosion  products  can  destroy 
adhesive  bonds  by  adding  chemicals  and  creating  a wedging  action  to  accelerate  the  failure. 

Inspection  for  corrosion  on  aircraft  is  usually  an  examination  for  aluminum  corrosion  products.  These 
corrosion  residues  are  usually  white  and  rather  powdery.  Corroded  honeycomb  will  have  a dull, 
dirty  appearance  in  contrast  to  the  clean,  often  .shiny,  and  uniform  appearance  of  sound  core.  T.O. 
1-1-2  describes  most  of  the  common  forms  of  corrosion.  On  structural  surfaces  corrosion  may  be  an 
exfoliation  or  general  surface  attack.  If  corrosion  damage  has  occurred,  it  is  essential  that  all  of  the 
corrosion  products  are  removed.  Corrosion  in  an  aircraft  is  like  a cancer.  If  some  is  still  present  after 
treatment,  the  corrosion  will  grow  and  cause  more  damage.  Corrosion  treatment  is  defined  in  the 
aircraft  -23  manuals  and  T.O.  1-1-2. 


( 


2-9 


3.0  REPAIR  METHOD  SELECTION 


A guide  to  the  appropriate  section  for  small  repairs  to  honeycomb  sandwich  or  laminated  metal 
structure  is  found  in  table  3-1.  The  use  of  these  methods  is  subject  to  the  limitations  stipulated  in 
the  specific  aircraft  repair  manuals.  Extension  of  these  to  large  repairs  must  be  authorized  by  the 
responsible  engineering  agency.  Procedures  for  larger  repairs  and  rebuilding  are  covered  in  section  7.0. 

In  general,  emphasis  is  placed  on  utilizing  methods  that  will  minimize  subsequent  problems  with 
moisture  and  corrosion.  The  approach  is  to  utilize  well-prepared  bonding  surfaces,  impermeable  heat- 
and  pressure-cured  adhesives,  and  adequately  sealed  panel  or  patch  edges.  The  latter  involves  the  use 
of  a minimum  width  peripheral  bondline  plus  sealant. 

The  patch-type  approach  is  generally  most  expedient  and  economical  where  it  can  be  used.  For 
larger  repairs  or  highly  stressed  areas,  however,  it  may  be  necessary  to  replace  entire  detail  parts. 
Replacement  of  the  damaged  details  allows  the  component  to  be  restored  to  its  original  strength  and 
surface  contour. 

Rebuilding  or  replacement  of  detail  parts  (e.g.,  skins)  may  be  in  order  when  high  service  temperatures 
are  encountered.  This  is  because  of  the  lower  strength  of  the  adhesives  at  the  higher  temperatures 
and  hence  their  limitations  in  transferring  structural  loads.  If  a patch  repair  is  used  in  these  areas, 
it  may  be  necessary  to  resort  to  mechanical  fasteners,  possibly  in  combination  with  bonded  doublers. 
Allowable  design  strengths  for  mechanical  fasteners  are  given  in  MlL-HDBK-5.  The  total  thickness 
of  the  skin  plus  the  bonded  doubler  may  be  used  for  determining  the  bearing  strength. 
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Table  3-1.— Guide  to  Repair  Method  Selection 


Item 

T vpe  of  damage 

Type  of  structure 

Applicable  repair  section 

1 

Scratches 

Light  scratches  in  aluminum 

All 

6.2.1 

Light  scratches  in  titanium 

All 

6.2.1 

Deep  scratches 

All 

6.2.2 

2 

Dents 

Honeycomb  sandwich 

6.3 

Metal  laminates 

6.9 

3 

Delaminations 

Honeycomb  sandwich 

6.4 

Metal  laminates 

6.9 

4 

Cracks 

Honeycomb  sandwich 
midpanel 

6.4 

Honeycomb  sandwich 
edge  close-out 

6.7 

Metal  laminates 

6.9 

5 

Holes 

Through  one  skin 

Honeycomb  sandwich 
midpanel 

6.4.  6.5 

Metal  laminates 

6.9 

Through  both  skins 

Honeycomb  sandwich 
mid  panel 

6.6 

Metal  laminates 

6.9.2,  6.9.3 

Other 

Honeycomb  sandwich 

6.7 

6 

Edge  crushing 

Honeycomb  panel  zee 
edge  close-out 

6.7 

Honeycomb  panel 
trailing  edge 

6.8 

7 

Crushed  core 

Honeycomb  sandwich 

6.5 

8 

Presence  of  moisture 

Honeycomb  sandwich 

7.0 

9 

Corrosion 

All 

7.0 
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4.0  MATERIALS  AND  PROCESSING 


4.1  MATERIAL  SELECTION 

This  section  contains  information  pertinent  to  the  selection  of  materials  used  when  making  repairs 
on  or  off  the  aircraft.  The  materials  are  classified  into  general  use  classifications  as  follows: 

• Metal-to-metal  adhesives 

• Metal- to-core  adhesives 

• Aerodynamic  smoothers 

• Injectable  honeycomb  potting  compounds 

• Splice  adhesives;  core-to-core,  core-to-fitting 

• Core  filler/potting  compounds 

• Sealants/aerodynamic  smoothers 

• Honeycomb  cores 

• Glass  fiber  resin 

The  materials  listed  in  tables  4-1, 4-2  and  4-4  are  intended  as  guides  in  making  repairs.  No  restrictions 
are  placed  on  the  use  of  equally  acceptable  materials  or  equivalents  except  that  their  use  must  be 
approved  by  the  applicable  authority,  e.g.,  system  manager  or  the  aircraft  structural  engineer.  THE 
LISTING  OF  ANY  TRADE  NAME  OR  COMMERCIAL  PRODUCT  DOES  NOT  CONSTITUTE  AN 
ENDORSEMENT  OF  THE  PRODUCT  BY  ANY  GOVERNMENT  AGENCY. 

A brief  description  of  the  repair  materials  is  provided  in  the  following  paragraphs. 

4.1.1  ADHESIVES,  METAL-TO-METAL  AND  METAL-TO-CORE 

Several  types  of  adhesives  are  used  in  bonded  repairs.  Adhesives  are  provided  in  various  forms,  as 
regular  or  foam  tape,  or  in  liquid  form  (filled  and  unfilled)  to  facilitate  various  repairs.  The  adhesives 
included  in  this  handbook  have  been  especially  selected  for  their  strength,  toughness,  environmental 
durability,  and  processing  characteristics. 

Adhesives  are  available  for  various  service  temperatures.  On  the  basis  of  the  cure  temperature  and 
upper  service  temperature  limits,  the  adhesive-bonding  repair  materials  are  further  classified  into  the 
following  types. 

1.  Room  temperature  (RT)  cure  materials  for  140  to  180°  F service 

2.  Elevated  temperature  (up  to  250°  F)  cure  materials  for  1 80°  F service 
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3.  Room  lompi-Tatiiro  cure  materials  tor  350^’  K service 

4.  Hevateil  temperature  (up  to  350*^’  1)  cure  uiaterials  for  350^’  I'  service 

5.  Flevateil  temperature  (up  to  350*^’  F)  cure  materials  lor  400^  F'  service 

Material  selection  criteria  are  based  on  various  parameters  innueiicinp  the  repair.  Within  each  type  of 

material,  the  upper  service  temperature  and  cure  temperature,  tof’etlier  w'ith  the  strength  properties 

requirements,  are  considered  primary  factors  affecting  material  selection.  I'he  following  items  should 

be  noted  and  used  as  guides: 

1.  Regartling  the  maximum  service  temperature: 

• Requirements  for  the  aircraft  are  defined  in  the  applicable  aircraft  T.O. 

• .A  temperature  of  1 F'  is  generally  applicable  to  subsonic  aircraft  such  as  transports. 
Fxceptions  arc  the  high  heat  areas  around  the  engine  and  the  auxiliary  power  unit  (APU). 

• I'emperatures  of  350*-'  F and  400^’  F are  more  generally  applicable  to  supersonic  aircraft 
such  as  fighters  and  attack  aircraft. 

2.  When  po.ssible.  equivalent  elevated  temperatua'  cure  instructions  are  included  for  the  RT  cure 
materials.  Fhese  are  for  use  where  the  repair  schedule  does  not  allow  the  longer  R'F  cure  period. 

3.  When  possible,  optional  lower  curing  temperatures  are  provided  for  the  elevated  temperature 
curing  systems.  The  use  of  the  lower  temperature  cure  may  be  desirable  because: 

• If  the  repair  is  in  a local  area,  it  may  be  difficult  to  get  tlie  area  up  to  temperature  because 
the  heat  is  conducted  away  by  the  surrounding  structure.  This  is  the  case  when  the 
repair  is  near  a heavy  metal  fitting  or  on  heavy  metal  structure.  In  these  cases,  an  adhesive 
that  allows  a low  mininuim-heat-up  rate  may  be  required. 

• An  adhesive  with  a cure  temperature  lower  than  that  of  the  original  adhesive  may  be 
required  if  the  part  is  repaired  locally  and  not  completely  supported  in  a bonding  tool. 

This  is  because  of  softening  of  the  surrounding  adhesive.  Generally,  a cure  temperature 
5(T’  F lower  than  that  of  the  original  cure  temperature  is  acceptable. 

4.  Flevated  temperature  cure  adhesives  are  generally  preferred  to  room  temperature  curing  systems. 
I'hey  are  typically  stronger,  tougher,  and  have  better  environmental  resistance. 

5.  In  general,  it  is  recommended  that  the  higher  service  temperature  adhesives,  i.e..  3.30^’  or  4()(T’  F. 
not  he  used  when  the  IRO^’  F service  adhesives  are  sufficient.  This  is  because  compromises  have 
been  made  to  gain  the  higher  u.se  temperature.  The  higher  temperature  adhesives  typically  have 
lower  strength  and  toughness  (for  example,  lower  peel  strength). 
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Ailhosivo  primers  assoeiatosl  with  each  ailliosive  material  are  reeommeiKled  lor  use  I'ollowmi;  suilaiv 
preparation.  Hotli  staiulanl  (iioiieorrosioii-iiiliihiliiii;)  primeis  aiul  eorrosioii-mhihitini:  primers  are 
suitable  tor  repair  applications.  C'orrosion-inliibitini;  primers  typically  reipiire  s['ray  eiiiiipment  ol 
the  recirculatinv:  t\  pe.  However,  corriision-inhibitiii.i;  adhesive  primers  are  preferred  because  of  the 
improved  bond  en\ iionmental  durability,  Air-dr>  in.u  noncorrosion-type  primers  may  be  applied  b\ 
iionsprayiii};  methods  such  as  brushin.u  I'r  wipini:-on. 

I'or  small  area  repairs,  the  use  of  I'rimers  is  oi'tion.il  it'  the  elapsed  time  troni  surt.ice  preparation  to 
bond  is  held  to  a minimum,  typicalh'  less  than  S hours.  However,  li'r  laree  area  repairs  or  relabrica- 
tion,  it  IS  recommended  that  corrosion  inhibiting  tMiniers  alwavs  be  used  because  ol  Ihe  use  ol 
manufacturinu  and  liandlini:  operations  that  are  more  prone  lo  contamination. 

Mamifaclure's'  mixin.i;  and  handlin.e  iiislructioiis  should  be  followed  for  mi\mi;  and  curin.e  .idhesives. 
Some  tvi'ical  niisin.e  and  cure  conditions  are  liiven  in  table  4-.v  (ieneral  preparation  procedures 
for  adhesive  primers  and  film  ailhesive  application  are  itiven  in  section  4..v 

4.1.:  ADMI  SIVI  S.  t ORI  SPLICI 

l ore  splice  ailhesive  materials  .ire  used  to  join  ci're-to-ciire  sei’inents  or  ti'  accomplish  core-tii-extriision 
or  core-to-fittini:  bonds.  Both  foamiii};  tapes  and  nonfoamin.i;  tapes  are  available  as  well  as  paste  type 
for  butteriiiiior  trowel  applicatii'iis.  Hepeiuiin.it  on  the  service  envininment.  room  temperature  cure 
paste  has  the  aihanta.ite  of  bein,i:  easier  to  apply  and  can  be  cured  prior  to  final  assembly.  Hn  the  other 
hand,  in  most  cases,  heat  cure  splice  bonds  may  be  cured  at  the  time  of  skin  boiuline.  1 he  choice  ot 
which  type  splice  adhesive  to  use  will  depend  on  the  confiituration  of  the  part,  service  environment, 
and  availability  of  materials.  When  a core  splice  is  not  available,  multiple  las  ers  of  film  adhesive  may 
be  substituted. 


4.1..^  .AtRODYNAMIC  SMOOTHLRS 

.Aerodynamic  smoothers  are  useil  on  the  external  surlaces  ot  Ihe  aircralt  m lasieiier  lieail  luooves.  m 
external  sealin.u  grooves,  in  .itaps  at  skin  panel  splices,  or  to  fair  the  edge  of  repair  patches. 

4.1.4  POTTING  I'OMPOlINHS.  CORL'  FILLTR 

These  materials  are  used  to  fill  dents  and  core  damage.  These  are  usually  resin  adhesives  containing  an 
inert  filler.  They  typically  can  be  cured  at  room  temperature  or  quick  cured  ai  moderate  temperatures. 
.Application  is  usualK'  by  trowel  or  spatula. 

4.1.5  POTTING  GOMPOHNHS,  INJElTARLt  HONEYCOMB 

These  materials  are  similar  to  the  other  potting  compounds  except  they  have  a lower  viscositx  lor 
injection  applications. 

4.1.6  SE  AL  ANTS  AEROHYNAMIC  SMOOTHERS 

Sealants  used  for  repairs  will  be  dependent  on  the  service  temperature,  aerodynamic  smoothness 
requirements,  and  fuel  tluid  resistance  criteria.  Both  corrosion-inhibiting  and  noncorrosion  inhibiting 
types  are  available  for  general  applications  and  for  service  temperatures  lo  E.  (.See  table  4-M 


Table  4-1.  —Preferred  Repair  Materials  List 


*The  number  after  the  slash  indicates  the  non  corrosion-mhibiting  primer  system  normally  used  with  that  adhesive. 
corrosion  inhibiting  primer,  compatible  for  use  with  T ype  II  adhesives. 


Table  4-1  .—(Continued) 


400°  F I 350°  F Thermofoam  3009  Adhesive  Engineering  | Foam  tape 


Table  4- 1 .—(Continued! 
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‘i'Jot  to  be  used  for  structural  bonding 


Table  4-1  .—(Concluded I 


^ot  to  be  used  for  structural  bonding 


4.1.7  HONEYCOMB  CORES 

Both  aUiminuni  and  plass-reinforccd  lioneyconib  cores  are  used  in  bonded  repairs.  Aluminum  core 
shall  be  a nonperforated  corrosion-resistant  type  and  either  5052  or  5056  alloy.  Wide  ranjies  in 
density  and  cell  size  are  available.  A lew  typical  callouts  are  given  in  table  4-1 . 

4.1.8  GLASS  FIBER  RESIN 


I’repregs.  glass  fabric  cloth,  chopped  glass  fibers,  and  resins  may  be  used  to  repair  aluminum  panels 
if  approved  by  the  responsible  engineering  agency. 

4.2  REPAIR  MATERIALS 

This  section  is  divided  into  two  part.s.  Section  4.2.1  comprises  the  materials  incorporated  in  a repair, 
while  section  4.2.2  is  for  miscellaneous  or  nonincorporated  materials. 

The  preferred  repair  materials  list  is  given  in  table  4-1.  This  lists  the  material  type,  category,  manu- 
facturer’s number,  manufacturer's  name,  federal  stock  number  where  available,  storage  life,  and 
general  remarks. 

A list  of  alternate  materials  is  also  given  (table  4-2)  lor  each  type  under  the  applicable  categories. 

Table  4-.^  in  section  4.2.1  gives  the  mixing  instructions,  cure  conditions,  or  handling  inlormation. 
and  work  life  of  some  repair  materials. 

Cleaners  and  surface  preparation  and  corrosion  protection  materials  are  found  in  table  4-4. 

4.2.1  MATERIALS  INCORPORATED  IN  THE  REPAIR 
Preferred  Repair  Materials 

Table  4-1  provides  a listing  of  candidate  materials  for  each  type  of  repair  material  in  the  various 
categories  depending  on  service  temperature  and  cure  temperature.  This  is  a preferred  material  list. 

If  the  listed  materials  are  not  available  under  the  appropriate  type  and  category,  proceed  to  table  4-2 
for  the  alternate  materials  list.  If  the  materials  listed  there  are  also  not  available,  use  a substitute  or 
equivalent  with  the  approval  of  the  appropriate  authority.  For  adhesive  materials,  specitications 
MMM-A-1.^2  and  MIL-A-25465  provide  source  information  and  minimum  strength  requirements. 

Alternate  Materials 

Table  4-2  gives  the  alternate  materials  in  each  category  for  each  general  type.  The  intent  of  this 
list  is  to  provide  alternate  callouts  tor  materials  it  the  listed  materials  in  table  4-1  are  not  avail. 'bk. 

This  list  has  been  compiled  from  various  technical  orders  (T.O.’s)  and  repair  documents  applicable  to 
the  services.  When  the  desired  material  to  be  used  for  a repair  is  neither  listed  in  table  4-1  nor  4-2, 
obtain  approval  from  an  applicable  source  lor  use  ol  equivalent  materials. 


49 


Table  4-2.— Alternate  Repair  Materials  List 


Do  not  use  for  structural  bonding 


Table  4-2.~(Continued} 


Epon  828  plus  Shell  Chemical 

Versamid  125  plus  General  Mills 

aluminum  powder 


'Class  250  is  a 250°  F curing  system 


Table  4-3.— (Concluded) 


r 


i 


4 16 


Cla«  3&0  IS  a 350*^  F cunnq  system 


Kollow  the  niaiuit'acturer’s  reeoiiiiiienilecl  mixing  ratios  (or  those  materials  that  require  on-site 
mixing  prior  to  use.  Addition  of  filler  materials  such  as  aluminum  powder  or  microballoons  to  improve 
application  and  handling  are  optional. 

Mixing  and  Curing  Requirements 


This  section  gives  the  mixing  information,  cure  time,  and  working  lite  ot  mixed  materials.  Ihe 
working  life  listed  in  table  4-3  represents  typical  time  for  smalt  batch  conditions.  Mix  only  the 
amount  of  material  that  can  be  used  up  within  the  specified  time,  in  general  the  intormation  given 
represents  typical  conditions.  Specific  applications  may  require  deviation  Irom  the  given  conditions. 
In  those  situations,  the  manufacturers’  recommended  mixing  instructions,  heat-up  rate,  cure  time,  and 
pressure  requirements  should  be  followed. 

f ilm  adhesives  are  available  in  varied  weights  ranging  from  0.(13  to  0.20  lb  ft“  or  thicknesses  from  5 
mils  to  20  mils.  Typically,  the  thicker  films  (10  to  20  mils)  are  used  for  sandwich  panels  in  skin-to- 
core  bond  to  improve  fillet  formation  and  bond  strength.  I he  thinner  tilins  (5  to  mils)  are  used  tor 
inetal-tometal  bonds  such  as  doublers,  closeouts,  or  tittmgs.  F or  repair  in  general,  a 10  mil  adhesive 
film  is  recommended  for  metal-to-metal  applications  and  a 15  mil  thick  film  is  recommended  for 
metal-to-core  usage. 

Cleanere  and  Corrosion  F*rotcction  Materials 


fhis  section  lists  cleaners  and  components  to  prepare  corrosion  protection  solutions  (table  4-41; 


Observe  the  following  precautions  when  handling  or  mixing  the  cleaners  or  solutions. 

• Avoid  skin  contact 

• Wear  safety  goggles 

• Wear  niblier  gloves 

• Mix  and  use  in  ventilated  areas 

Directions  on  the  use  of  specific  materials  are  contained  in  the  repair  procedures  sections,  b.O  and  7.0. 
surface  preparation  section  5.0,  and  section  4.3.4  for  application  ot  protective  chromate  conversion 
coating. 

Where  MFK  is  calleu  out  is  a solvent  for  cleaning.  Freon  or  other  equivalent  solvents  may  be  used  it 
MFK  is  prohibited.  C IIFX'K  LCX'Al.  SAFF I \ REQUIRFMFNTS. 

Fxercise  care  when  using  solvents,  alkaline  cleaners,  or  acid  on  the  aircraft  structures,  as  these 
materials  can  damage  insulation  materials,  cause  subsequent  corrosion,  etc. 

Additional  information  on  solvents  can  be  found  in  1.0.  42AI-1-3. 
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Table  4-4.— Cleaners  and  Corrosion  Protection  Materials 


Glendale,  Calif.  preparation 


Manufacturer's  no.  or 

Material  specification  no.  Manufacturer  Mixing  instructions  General  remarks 


4.2.2  MATERIALS  NOT  INCORPORATE!)  IN  THE  REPAIR 


Dit'  inalt'rials  listoil  in  tablo  4-5  are  inteiKloil  to  servo  as  .euiiies  ami  lypieal  soiireo  ealloiils.  .Npprovoii 
equivalents  may  be  substituteil  as  alternates  to  those  listed.  The  list  is  merely  t\ir  use  as  a eonvement 
ret'erenee  Cor  sou  roes  oC  supply.  It  is  not  meant  to  stive  Cavi'rable  emlorsement  to  the  partieular 
suppliers  listed. 


4.3  M ATERI  ALS  PROCESSING 

I'his  seetion  presents  information  eoneernini;  primer  preparation  and  applieation.  film  adhesive 
preparation  and  applieation,  and  paste  or  hquid/paste  adhesive  preparation  and  applieation.  Onl> 
ituide  information  is  provided  in  eaeh  of  the  areas.  Speeifie  information  and  data  should  be  obtained 
from  the  applieable  speeifieations.  manufaeturer’s  instruetions,  and  related  doeuments. 

4.3.1  PREPAR  ATION  AN!)  APPLICATION  OE  PRIMER 

Depending  on  the  availability  of  spray  equipment  and  the  si/e  of  tiie  repair  part,  eorrosion-inhibitm.c 
or  noneorrosion-inhibitins’,  primers  may  be  applied  either  by  spraying  or  manual  brush  or  wipe-on 
applieations.  1 he  use  of  primers  is  reeommended  to  improve  durability  and  prevent  eontamination 
during  handling  ami  as.sembl> . 

it  is  recommended  that  eorrosion-inhibiiing  adhesiw  primers  (CLAP)  be  used  for  the  R 1-  and  250'-’  E- 
euring  adliesive  systems  if  equipment  and  skilled  personnel  are  available.  CLAP  surfaces  are  generally 
compatible’with  a w ide  variety  of  adhesive  systems.  Improved  bond  durability  is  obtained  with  CLAP 
primer  compared  to  standard  non-Cl.AP  primer.  .Another  advantage  of  using  CLAP  primer  is  that 
cured  ClAP-primed  skins  or  details  may  be  stored  for  one  to  three  years  w hen  protected  from  con- 
tamination or  exposure  to  sunlight  (see  section  1 .2.5 1.  IF  1 1'  IS  NECESSARY  TO  REMO\'E  LHE 
PRIMER  AFLER  APPLICATION  THE  NONBAKFD  PRIMERS  CAN  BE  REMOVED  WITH  A SOL- 
VENT. THE  BAKED  PRIMERS  MUST  BE  REMOVED  BY  MECHANICAL  ABRADING. 

Non.spray  Method  of  Primer  .Application 

1.  Condition  the  refrigerated  primer  by  allowing  it  to  come  to  room  temperature  prior  to  opening 
the  container. 

2.  Do  not  use  primer  containing  lumps  or  indication  of  gellation. 

3.  .Agitate  or  stir  the  primer  to  assure  a homogeneous  mixture.  When  applying  CLAP  primer  by 

a nonspray  manual  method  te.g..  w iping),  agitate  prior  to  each  application  to  restore  suspension 
of  solids. 

4.  Brush  or  gau/e-wipe  a smooth,  uniform  film  of  primer  on  the  cleaned  surfaces. 

5.  .Allow  to  air  dry  for  oO  minutes  and  then  bake  as  required  by  manufacturer's  instructions. 


Table  4-5.— Miscellaneous  and  Nonincorporated  Materials 


Foster  962  Foster  Co.  ! For  fit>ergla«  &arts  only 

MiLP-ane 


Table  4-5.— (Continued) 


Table  4-5.— (Continued) 


6.  The  thickness  of  the  primer  is  essential  to  obtaining  acceptable  bond  properties.  Dried  film 
thickness  may  vary  from  0.0001  to  0.001  inch  or  as  specified  by  the  supplier,  depending  on  the 
type  of  primer  system  used.  Film  thickness  may  be  checked  using  an  isometer  (e.g.,  Foster 
Isometer  2.082,  West  Germany)  or  similar  instrument,  e.g.,  Permascope,  Dermatron. 

7.  If  bonding  is  not  completed  immediately,  protect  the  primed  details  by  wrapping  in  wax-free 
Kraft  paper,  black  polyethylene  film,  or  a comparable  material. 


Preparation  and  Application  of  Adhesive  Primer— Spray  Method 


1 . Tondition  primer  as  in  section  4.3. 1 , Nonspray  Method  of  Primer  Application,  steps  1 , 2,  and  3. 

2.  The  type  of  primer,  solids  content,  viscosity,  solvents,  etc.,  all  affect  the  spray  conditions  to  be 
used. 

Follow  manufacturer’s  recommendations  for  spray  procedures,  or  use  the  following  suggested 
conditions. 


Spray  gun 
Air  cap 
Needle-nozzle 
Line  pressure 
Fluid  flow 
Pot  pressure 
Distance  from  panel 
Primer  thickness 


DeVilbissMBC 
No.  78 
AV-15-FX 
30  to  80  lb 

Approx.  5 fluid  oz/min 
1 to  2 lb  if  applicable 
d to  14  inches 

0.0001  to  0.001  inches  (depending  on  primer  type) 


NOTE;  Pressurized  bottles  such  as  the  “Preval”  may  be  con- 
veniently used  to  spray  primer  on  small  areas,  see 
figure  4-1. 


3.  Spray  primer  in  a uniform  coating  to  the  cleaned  faying  surfaces. 


4.  Air  dry  or  air  dry/bake  per  manufacturer's  brochure. 

5.  Check  thickness  and  protect  surface  as  in  section  4.3. 1 (Nonspray  Method  of  Primer  Application), 
steps  6 and  7. 


4.3.2  APPLICATION  OF  FILM  ADHESIVES 


1.  Condition  to  ambient  room  temperature  before  opening  the  wrapper.  Record  adhesive  “out” 
time  and  keep  a cumulative  record.  Requalify  or  discard  when  the  allowable  out-time  speciticd 
in  the  specification  has  been  exceeded. 

2.  Solvent-clean  cutting  tools,  templates,  and  other  equipment  used  for  laying  out  the  adhesive. 
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Figure  4-  l.—Preval  Pressurized  Spray  Bottle  to  Apply  Adhesive  Primer 


CAUTION;  DO  NOT  Touch  the  Adhesive  with  Bare  Hands  or 
Other  Parts  of  the  Body.  Clean  White  Gloves  Must 
Be  Worn  When  Handling  Cleaned  Details,  Adhesives, 
or  Other  Parts  During  Lay-up. 


For  rr.etal-to-metal  and  metal- to-co re  bonds,  apply  a layer  of  adhesive  film  to  one  of  the 
prepared  surfaces  to  be  joined.  A small  amount  of  heat  may  be  applied  to  tack  the 
adhesive  to  the  metal  part. 


Do  not  fold,  stretch,  or  otherwise  thin  the  adhesive 


Leave  the  separator  sheet  on  the  side  of  the  adhesive  exposed  to  the  atmosphere  as  a temporary 
protection  cover. 


Press  the  adhesive  .smoothly  in  place.  Avoid  air  entrapment 


Trim  the  adhesive  film  to  leave  approximately  1 /8-in.  excess  beyond  the  joint  perimeter.  1 he 
adhesive  film  must  not  be  less  than  net  (i.e.,  not  less  than  the  size  ot  the  part).  The  details  may 
be  used  as  templates  for  cutting  the  film. 


Remove  the  remaining  separator  sheet  just  prior  to  as,sembly  of  the  details. 
Prepare  for  cure  as  specified  in  section  7.1 1.  Vacuum  Bagging. 


4.3.3  PREPARATION  AND  APPLICATION  OF  LIQUID/PASTE  ADHESIVES 


1 . Allow  any  adhesive  removed  from  refrigerated  storage  to  reach  room  temperature  prior  to  opening 
the  container. 

2.  Weigh  amount  per  manufacturer’s  instructions  or  as  noted  in  table  4-3. 

NOTE:  Mix  only  the  amount  of  material  that  can  be  used  with 

the  specified  working  life.  A large  quantity  of  mixed 
material  will  shorten  the  working  life  (exothermic  reaction) 
and  hasten  the  gel  time. 

3.  With  preweighed  or  premixed  component  materials,  follow  manufacturer’s  mixing  and  application 
instructions. 

4.  Mix  to  homogeneous  mixture  as  to  color  change  or  uniform  color.  Mix  slowly  to  minimize  air 
entrapment. 

5.  Apply  uniform  coating  to  each  faying  surface  by  trowel,  brush,  roller,  etc. 

6.  Assemble  the  details. 

7.  Secure  in  place. 

8.  Bag  or  apply  pressure  per  section  7.11,  Vacuum  Bagging. 

9.  Cure  as  specified  by  the  manufacturer  or  as  given  in  table  4-3. 

4.3.4  PREPARATION  AND  APPLICATION  OF  POTTING  COMPOUNDS 

1 . Allow  refrigeration-stored  materials  to  reach  room  temperature  before  opening  to  prevent 
moisture  condensation. 

2.  Mix  potting  compound  materials  per  the  mixing  ratios  in  table  4-3  or  as  specified  by  the  manu- 
facturer’s instructions. 

3.  Apply  the  mixed  materials  by  injection,  trowelling,  or  other  suitable  method. 

NOTE;  Mix  only  the  amount  of  material  that  can  be  used  with 
the  specified  working  life.  Large  quantity  of  mixed 
material  will  shorten  the  working  life  (exothermic  reac- 
tion) and  hasten  the  gel  time. 

4.  Cure  potting  materials  per  table  4-3  or  as  specified  by  the  manufacturer’s  instructions. 

5.  Do  not  handle  potted  assemblies  until  they  have  been  cured. 
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4.3.5  PREPARATION  AND  APPLICATION  OF  CHROMATE  CONVERSION  COATING.  MIL-C- 
5541,  CLASS  lA  (e.g.,  ALODINE  1200) 


Any  repair  process  which  bares  the  original  structure  requires  a protective  treatment.  The  treatment 

acts  as  a paint  base  and  corrosion  inhibiter.  Aluminum  alloys  of  the  original  structure  require 

subsequent  conversion  coating  in  cases  where  repair  processes  expose  areas  to  possible  corrosion. 

NOTE;  Instructions  given  in  the  following  paragraphs  apply 

specifically  to  Alodine  1200,  which  is  one  of  the  more 
commonly  used  conversion  coatings.  If  another  coating 
listed  in  MlL-C-5541  is  to  be  used,  follow  the  manu- 
facturer’s recommended  application  instructions  or 
your  locally  prepared  specification. 

CAUTION:  Cloths  or  other  materials  used  to  apply  the  conversion 
coating  should  be  rinsed  out  thoroughly  in  water 
after  use  and  deposited  in  an  approved  safety  con- 
tainer. Dispose  of  chromate  conversion  and  rinse 
solutions  per  local  safety  and  health  regulations. 

Preparation  of  Alodine  1200  Solution 

1.  Mix  by  rolling  the  contents  of  each  container  of  Alodine  1 200  powder  thoroughly  on  clean 
paper  prior  to  withdrawal  of  fraction  to  be  used. 

2.  Add  3 oz  of  Alodine  1 200  powder  to  each  gallon  of  water  used. 

3.  Mix  in  stainless  steel  or  acid-resistant  container.  (Do  not  use  lead  or  glass.) 

4.  Stir  well  until  powder  is  dissolved. 

NOTE:  Compliance  with  mixing  procedure  is  required  for  a 

satisfactory  solution.  A small  amount  of  material 
that  may  settle  out  of  solution  can  be  disregarded. 

5.  Allow  the  solution  to  stand  at  least  1 hour  before  use. 

NOTE:  A dirty  solution  is  unsatisfactory.  Prepare  in  small 

quantities  and  discard  after  use.  If  nondistilled  water 
is  used,  adjust  pH  range  from  1 .50  to  2.00  by  addition 
of  nitric  acid.  Check  range  by  the  u.se  of  pHydrion 
paper  #6078 1 . Add  no  wetting  agents  or  other 
materials  to  this  solution. 

Prepare  the  Surface  For  Alodine  (Except  Adhesive  Bonding  Surface*) 

1.  Mask  all  surfaces  likely  to  be  contaminated  by  running,  dripping,  or  splashing  of  the  solution. 
Painted,  anodized,  or  previously  alodined  surfaces  need  not  be  ma.sked. 


•f 


i 


i! 
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CAUTION;  Chromate  conversion  coatings  must  not  be  allowed  to 
come  in  contact  with  high  strength  steels  as  they  may 
cause  hydrogen  embrittlement. 

2.  Sea)  or  plug  a))  holes,  gaps,  and  inlets  to  a.ssemblies  containing  honeycomb  or  foam  plastic  with 
suitable  sealing  or  caulking  material  or  rubber  plugs  to  prevent  entry  of  any  solution. 

3.  Clean  area  to  be  chromate  conversion  coated  with  a liquid  solvent  degreaser  by  using  a clean 
brush  or  oil-free  gauze  or  cloth.  Dry  with  warm  air  or  wipe  dry. 

4.  Remove  the  e.xisting  organic  and  inorganic  finish  from  the  repair  area.  Remove  the  hydraulic 
fluid  resistant  finish  at  the  same  time  the  inorganic  coating  is  stripped.  Strip  the  inorganic 
coatings  such  as  anodize  or  alodine  mechanically  with  a nylon  abrasive  wheel  or  aluminum 
oxide  paper.  Clean  all  signs  of  organic  and  inorganic  coatings  until  a uniform,  bright,  shiny 
aluminum  surface  is  obtained. 

5.  Vacuum  or  wipe  the  abraded  area  with  dry,  clean  cheesecloth  to  remove  loose  particles  and 
residue. 

6.  Wipe  with  cheec.. cloth  dampened  (not  saturated)  with  solvent.  Repeat  using  clean  cheesecloth 
until  no  visible  residue  transfers  to  the  cheesecloth. 

7.  Allow  to  dry  for  a minimum  of  1 5 minutes. 

*Where  the  Alodine  1 200  is  applied  on  a surface  to  be  adhesively  bonded,  the  surface  shall  be 
prepared  per  instructions  in  section  5.0  prior  to  application  of  the  alodine. 

Application  of  Alodine  1 200 

1.  Apply  Alodine  1 200  evenly  and  liberally  with  a fiber  or  nylon  brush,  clean  cheesecloth,  or  a 
cellulose  sponge. 

2.  Allow  the  .solution  to  remain  for  3 to  4 minutes  to  form  a bronze  or  golden  brown  coating. 
Keep  the  treated  area  from  drying  by  gently  blotting  with  cheesecloth  moistened  with  Alodine 
1200. 

3.  Rin.se  with  clean  water  by  gently  contacting  the  treated  surface  with  wet  (not  saturated)  clean 
cheesecloth.  Contact  (blot)  for  1 to  2 minutes  and  repeat. 

CAUTION:  Exercise  care  when  rinsing  and  contacting  treated 
.surface  to  avoid  scratching  or  removing  the  freshly 
formed  coating. 

4.  Gently  contact  the  surface  with  clean  dry  cheesecloth  to  absorb  excess  liquid.  Repeat  as 
necessary. 

5.  Check  crevices  with  blue  litm^i  paper  for  possible  acid  contamination.  If  litmus  paper  turns 
red,  acid  is  still  present  and  steps  3 to  5 should  be  repeated. 
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0.25 


Fillet  configuration 
for  skin  thickness  of 
0.061  and  greater 

Detail  I 


Fillet  configuration 
for  skin  thicknesses 
to  0.060 


Note:  The  fillet  seal  configuration  shown 

is  suitable  for  both  bonded  metal- 
to-metal  or  honeycomb  sandwich 
construction. 


H— 0.12  to  0.18 


Detail  II 


Figure  4-2.— Fillet  Sealing  of  Bonded  Repairs 
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0.  Room  tompcratmo  air  dry  or  hot  air  ( 140'''  F maximum  t dry. 

t'AllTION;  Di.sposr  of  chromate  conversion  and  rinse  solutions 
|K‘r  local  sitfety  and  health  rettulations. 

4.3.6  PREP.\R.\T10N  AND  APPLIC.ATION  OF  SEALANTS  AND  AERODYN  AMIC  SMOOTHERS 

1 . .Allow  refrijicration-storcd  materials  to  reach  room  temperature  before  openiniz  to  prevent 
mois t lire  condensa t ion . 

2.  Prepare  the  applicable  environmental  sealant  or  aerodynamic  smoother  compound  according 
to  manufacturer’s  or  specification  instructions. 

.V  Observe  safety  precautions. 

4.  Remove  adhesive  tlash  at  the  edge  of  bonded  joints  as  rtxiuired.  Leave  approximately  a 4.'!'^' 
fillet  tor  sealing  of  edge. 

Wipe  clean  with  solvent. 

0.  .Apply  conversion  coating  (see  sec.  4..v4)  to  aluminum  surfaces  that  w ill  be  finished  with  an 
organic  coating.  Do  not  treat  aluminum  surfaces  that  will  not  receive  organic  finish,  titanium 
surfaces,  anil  fibergla.ss  surfaces. 

Apply  sealant  to  or  apply  aeroth  namic  smoother  to  all  repair  adhesive  bond  lines  (see  fig.  4-2). 

5.  ('lire  the  sealant  or  smoother  per  applicable  instructions  or  specifications. 

4..V7  PREPAR  ATION  AND  APPLIC  ATION  OF  FINISH  CO  ATINGS 

1.  Clem  the  repair  area  in  accordance  with  the  applicable  T.O..  e.g.,  I'.O.  1-1-1. 

2.  Prune  the  surface  w ith  the  applicable  primer  according  to  the  sivcific  -2.)  1.0,  callout;  also 
refer  to  1.0.  1-1-4  and  I .O.  1-1-S. 

-L  Lop  coat  with  the  applicable  finish  as  rei|uired  per  the  specific  -2.)  I'.O.  callout;  also  refer  to 
T.O  1-1-4  and  T.O.  M-S. 

4.4  M ATERI  AL  COMP  ATIBILITY 

Some  adhesive  systems  are  more  sensitive  and  less  compatible  with  certain  hand  surtace-preparation 
procedures  than  others.  For  example,  some  adhesive  systems  provide  poor  bond  durability  w ith  the 
2'";  HF  method,  section  .‘'.3.2  while  others  give  satisfactory  bonds.  If  the  compatibility  of  the  adhesive 
system  to  surface  preparation  method  is  ituestionable.  either  physical  and  chemical  tests  should  be 
conducted  by  laboratory  personnel  or  another  surface  preparation  method  or  adhesive  selected.  The 
wedge  test  deseribed  in  section  4.4.1  is  a convenient  and  discriminating  test  for  the  2.‘'(T'  F-curing 
epoxy  adhesives.  Vhis  test  measures  craek  growth  in  a high  humidity  environment.  If  incompatibility 
exists,  the  crack  grow  th  in  one  hour  will  be  high  (usually  more  than  1 inch)  as  compared  to  the 
growth  for  a compatible  system  (usually  less  than  0.20  inch).  ’Fhe  climbing  drum  peel  test  described 
in  Mil  -.A-2.‘'4('3  is  a discriminating  test  for  RT-  and  350‘'  I'-curing  adhesives.  .Surface  compatibility 
is  indicated  by  cohesive  failure  modes  in  contrast  to  adhesive  failure  modes  for  incompatible  systems. 


433 


4.4, 1 WEDGE  P.ANELS,  SPECIMENS.  .\ND  TEST  PROC  EDCRE 


The  eonn!>iiration  of  the  weitiie  tost  spocimon  assembly  aiui  the  speeinien  details  are  shown  in  lijiure 
4-.V  I he  laminated  assembly  is  o by  0 inches.  I'he  metal  adlicrcnds  are  nominall)'  0. 1 2.^^  inch  thick. 

.■\  strip  appro.ximatelv  0.^5  inch  wide  on  one  ediie  ot  the  panel  is  lett  unbondeil.  .Alter  bondintt. 
five  l-in.-wide  specimens  are  machined  or  saw  cut  from  the  panel.  Sand  one  edge.  The  specimens 
are  then  marked  with  an  identification  for  exposure.  I'he  testing  procedure  lor  the  specimens  consists 
of  the  following: 

1.  Precrack  the  unbonded  end  of  the  specimen  by  inserting  a wedge  as  show  n in  figure  4-.’.  Insert 
the  wedge  by  n.sing  .several  light  laps  with  a hammering  device.  Do  not  attempt  to  insert  the 
wedge  with  a single  striking  blow. 

2.  Position  the  wedge  so  that  its  end  and  sides  are  approximately  flush  w iih  the  specimen  ends 
and  sides. 

a.  losing  10-  to  aO-power  magnification  and  adetiuale  illumination,  locate  and  mark  the  tip  ol  the 
initial  crack  with  a fine  stylus  or  scribe.*  Looking  closely,  a change  in  the  adhesive  to  a lighter 
color  can  usually  be  seen  right  at  the  crack  lip.  .Also  locate  and  mark  the  reference  point  of 
crack  initiation,  I'his  is  the  point  at  which  the  shoulder  of  the  weilge  contacts  the  specimen 
surface,  i.e..  approximately  0J>  inch  from  the  specimen  end.  Measure  and  record  the  initial 
crack  length. 

4.  Expose  the  wedged  specimens  to  the  selected  environmental  conditions  (e.g..  1 2tW  ± 5''’  E and 
to  lOO'  j relative  humidityi  for  ib.e  specified  time  (e.g.,  1 hour.  4 hours.  2 hours.  14  days, 
or  .M)  days).  I he  water  used  to  maintain  the  humidity  must  not  contain  more  than  200  ppm 
total  solids.  Eor  compatibility  screening  tests,  exposure  time  of  4 hours  is  adeiiuate,. 

.s.  Remoxe  the  specimens  from  the  environment.  Mark  and  measure  the  increase  in  crack  length 
to  0.01  inch  w ithin  2 hours  after  removal. 

(V  E'ailure  modes  may  be  determined  by  splitting  the  specimen  open  at  the  completion  of  the  final 
crack  grow  th  measurement  and  examining  the  surl'ace.  1 he  percentage  ot  adhesi\  e versus  cohesi\e 
failure  in  the  exposed  crack  growtii  region  should  be  recorded.** 

4.5  M.ATEREAL  PROPERTY  D ATA 

Mechanical  strength  property  data  for  facing,  core,  and  adhesive  materials  are  presented  in  various 
military  specifications,  handbooks,  and  reports.  The  locations  of  many  of  these  data  sources  are 
identified  in  the  following  paragraphs. 

The  data  may  be  presented  either  as  typical  test  values  or  as  minimum  properties.  Minimum  properties 
should  be  used  for  design.  It  may  be  appropriate  to  reduce  the  properties  further  to  allow  for  such 
factors  as  elevated  service  temperatiues  or  progmssive  degradation  due  to  the  operating  environment, 

'For  salt  pray  exposure  of  extended  duration,  use  a triangular  file  to  enlarge  scribe  mark  tor 
j easier  reading. 

1 ♦*Eor  accept  reject  criteria,  see  sect.  7.5.5. 
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Wedge  Test  Specimen  Assembly 


Aluminum  or  Stainless  Steel  Wedge 


Figure  4-3.~\Nedge  Test  Specimen  Configuration 


e.j!.,  the  otiecis  ol  lonj:  time  exposure  to  cyclic  stress  combined  witli  hipli  liumidity  or  salt  spray. 
Design  values  should  be  approved  by  the  responsible  engitieering  agency. 


Facing  material  information  is  found  in  section  4.5. 1 . Section  4,5.2  gives  the  core  materials 
information.  Adhesive  requirements  and  environmental  effects  on  bond  durability  information  are 
found  in  section  4.5..^. 

4.5.1  HONEYCOMB  SANDWICH  FACING  MATERIALS 

Facing  materials  incluiled  in  the  following  sections  are  aluminum,  fiberglass  (glass-fiber-reinforcedl. 
and  titanium.  I'hese  represent  the  most  commonly  u.sed  sandwich  facing  materials  in  present  tech- 
nology aerospace  structures. 

In  general,  facing  materials  used  for  repairs  should  be  the  same  as  the  original  material  (type,  alloy, 
thickness,  etc.l. 

The  use  of  fiberglass  to  repair  aluminum  is  not  generally  recommended  although  it  may  be  used  in 
limited  ca.ses  on  conqH'und  curvature  parts  or  on  parts  initially  having  fiberglass  edge  closures  or 
inner  skins.  This  type  of  repair  wilt  be  defined  or  authorized  by  the  responsible  engineering  agency. 

Aluminum 

Aluminum  facing  data  and  design  information  can  be  found  in  MIL-HDBK-5B  .md  Specification 
QO-A-250.  Aluminum  face  sheets  shall  have  nonclad  surfaces  in  the  bondlines  whenever  possible. 


Fiberglass 

Resin-impregnated  glass  fabric  materials  are  used  for  limited  repair  applications  to  compound 
curvature  parl.s.  Both  wet  layup  and  prepregs  may  be  used.  Typical  glass  fabric  style  INI  and  I 20 
information  and  data  are  found  in  MIL-C-d084.  Mechanical  strength  data  and  design  information 
are  found  in  MIL-HDBK-I  7. 

Dse  the  following  guide  when  using  glass  fabric  overlay  patches  for  the  number  of  replacement  piles 
required. 

Original  aluminum  N.iimix'r  of  plies  of 

skin  thickness  (inches)  1 X | -typo  gla.ss  fabric 


0.010  or  less  4 

0.012  5 

0.01b  4 

0.020  ' 4 

0.022  5 

0.025  5 
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Following  the  repair,  the  fiberglass  surface  should  be  finished  as  tollows:  Seal  the  repair  patch  surlace 
with  sealer  (e.g.,  the  repair  resin  mix).  Scrape  excess  resin  off  before  it  gels.  C'ure  the  sealer  and 
apply  chemical  and  solvent  resistant  primer  and  top  coat  per  the  applicable  T.O. 

Titanium 

Titanium  facing  information  and  data  can  be  found  in  MIL-HDBK-5B  and  specification  MlL-l-d04o. 

4.5.2  HONEYCOMB  CORE  MATERIALS 

Core  information  can  be  obtained  from  MlL-('-74,^8  for  aluminum  core,  and  MIL-(’-8073  for  fiber- 
glass core.  Fibrous  nylon  base  (e.g.,  Nomex)  core  data  can  be  found  in  Specification  AMS-371 1. 

Aluminum  Honeycomb  Core 

Aluminum  core  materials  are  available  in  various  cell  sizes,  densities,  and  alloys.  A lew  typical 
callouts  are  given  in  table  4-1 . Corrosion-resistant-type  core  is  recommended  for  replacement  in  all 
repairs  regardless  of  original  core  type  in  aluminum  panels. 

Aluminum  505(i  alloy  core  may  be  substituted  for  5052  core. 

The  replacement  core  should  match  the  core  cell  size  and  density  of  the  original.  In  situations  where 
the  designated  core  density  or  cell  size  is  not  available,  use  of  the  next  higher  density  core  with  the 
same  cell  size  is  permissible. 

Nonmetallic  Honeycomb  Cores 

Both  glass-fabric-reinforced  and  fibrous-nylon-base  nonmetallic  honeycomb  cores  may  be  used  for 
repairs.  In  cases  where  nonmetallic  core  is  substituted  for  original  aluminum  core,  it  should  equal  or 
exceed  the  original  in  stiffness  and  strength. 

4.5.3  ADHESIVES 

Mechanical  property  data  for  adhesive  systems  are  available  from  several  sources.  Examples  of  these 
are  the  adhesive  supplier,  the  airframe  manufacturer  that  utilizes  that  particular  material,  and 
military  specifications  such  as  MlL-A-25463  or  MMM-A-1 32.  Care  must  be  taken  that  design  values 
adequately  allow  for  degradation  due  to  environment  or  the  effect  of  elevated  temperatures. 

The  particular  surface  preparation  method  is  a very  important  parameter  in  determining  (he  allowable 
design  strength.  Many  of  the  commonly  used  adhesives  were  tested  with  various  hand  cleaning 
methods  in  Air  Force  Contract  F33615-73-C-5171.  These  data  are  reported  in  AFML-TR-75-1 58. 
The  pre.sented  information  gives  typical  strength  plots  for  various  bonded  joint  overlap  lengths. 

These  are  typical  test  data.  The  design  values  to  be  used  should  be  approved  by  the  responsible 
engineering  authority. 
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4.5.4  POTTING  COMPOUNDS 


Mechanical  and  physical  properties  of  potting  compounds  should  be  obtained  from  the  material 
supplier  or  from  the  airframe  manufacturer  using  that  particular  material  system. 

4.6  ADHESIVE  RECEIVING  ACCEPTANCE  TESTS 

Where  practical,  it  is  recommended  that  the  adhesives  to  be  used  for  repair  be  tested  by  the  user  to 
ensure  specification  compliance.  The  following  is  a guide  to  the  number  and  types  of  tests  that 
should  be  used. 

1 . The  acceptance  tests  of  table  4-6  are  recommended  on  each  sample  of  each  lot  of  adhesive. 

2.  Lap  shear  tests  should  be  performed  at  RT  and  the  highest  use  temp.,  e.g.  180^  F for 
250^  F curing  adhesive.  Peel  tests  may  be  performed  at  R.T.  or  -65^  F. 

3.  In  addition  to  the  tests  specifically  listed  for  quality  assurance,  any  other  test  described  in 
the  applicable  specification  may  be  used  to  ensure  that  shipments  of  adhesive  conform  to  the 
requirements  of  this  specification  and  are  comparable  to  material  previously  qualified. 

4.  The  test  specimen  configurations  are  described  and  shown  in  the  following  sections. 


Table  4-6.— Assemblies  and  Specimen  Requirements 


Test 

Bonded 
assemblies 
per  sample 

Specimens 
per  sample 

Specimen  configuration 

( 1 ) Lap  shear 

1 

5 

See  figure  4-5 

(2)  Metal  peel 

1 

3 

See  figure  4-7 

(3)  Honeycomb  peel 

1 

3 

See  figure  4-9 

(4)  Film  weight 

- 

2 

« 

*(a)  Cut  2 specimens  of  material  across  the  width  of  the  film. 

Cut  specimens  approximately  6x6  inches.  Determine  the  area 
to  the  nearest  0.1  square  inch. 

(b)  Remove  separator  sheets  from  the  film  and  weigh  film  to  nearest 
0.1  grams. 

2 

(c)  Report  average  weights  to  nearest  0.001  Ibs/ft  . 
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Lap  Shear 

1.  Test  panel  blank 

• Material  and  thickness  for  blanks  shall  be  0.063  inch  thick  2024-T3  aluminum  alloy 
QQ-A-250  (bare). 

• The  blanks  shall  be  nominally  6 by  7 inches. 

• The  blanks  shall  be  tlat  within  0.010  inch. 

2.  Test  panel  assembly 

• Adhesive  bonding  material  and  processing  instructions  shall  be  as  designated  in  the 
applicable  specifications. 

• Two  test  panel  blanks  shall  be  bonded  to  the  configuration  shown  in  figure  4-4. 

3.  Test  specimen 

• Cut  the  test  panel  assembly  as  shown  in  figure  4-5. 

4.  Metal-to-metal  lap  shear  test 

• Test  the  specimens  to  the  procedures  described  in  MMM-A-1 32. 


6.00 


6.03 

5.97 


Adhesive 

layer 


All  dimensions  in  inches 
Figure  4-4.— Test  Panel  Assembly 
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Test  panel  assy  adhesive  (but  not  through) 


All  dimensions  in  inches 


Optional 


pin  grip  holes,  diameter  0.25 


0.28 

0.22 


Figure  4-5— Lap  Shear  Test  Specimen  Configuration 


MetaHo-Metal  Peel 


1.  Test  panel  blank 

• Except  as  otherwise  specified,  the  material  for  all  blanks  shall  be  2024-T3  clad  aluminum 
alloy  in  accordance  with  QQ-A-250/5. 

• Blank  dimensions  shall  be  as  shown  in  figure  4-6. 

2.  Test  panel  assembly 

• Adhesive  bonding  material  and  instructions  shall  be  as  designated  in  the  applicable 
specification. 

• Two  test  panel  blanks  shall  be  bonded  together  as  shown  in  figure  4-7. 

• Identify  each  test  panel  assembly  and  specimen  as  necessary. 

3.  Climbing  drum  peel  test 

• Test  the  specimens  to  the  procedures  described  in  MIL-A-25463. 

• The  curing  temperature  and  time  at  temperature  of  the  adhesive  bond  shall  be  as  specified 
and  shall  be  measured  by  the  use  of  a fine  wire  thermocouple  (no.  30  maximum)  embedded 
in  the  adhesive  flash  immediately  adjacent  to  the  bondline. 


IP—f 


14,0  ±0.03 


T 

4.25+0.03 


Holes,  4 places,  0.125  D centered  approximately  0.25  inch  from  edges. 


Figure  4-6.—Metal-to-Metal  Pee!  Test  Panel  Blank 


Trim  discard  edges  shall  be  0.50  inch  minimum.  Cut  three  specimens 
1.00  ± 0.03  inches  wide. 

0.020  inch 
0.040  inch 


Figure  4-7.—Metal-to-Metal  Peel  Test  Panel  Assembly  and  Specimen 


Honeycomb  Peel 

1.  Test  panel  blank 

• Except  as  otherwi.se  specified,  the  material  for  all  blanks  shall  be  2024-T3  clad  aluminum 
alloy  in  accordance  with  QQ-A-250/5  and  figure  4-8.  The  dimensions  of  the  blanks  shall 
be  as  noted  in  figure  4-8. 

• Except  as  otherwise  specified,  the  honeycomb  core  shall  be  5052  aluminum  in  type  4-40. 
Class  N.  The  dimensions  of  the  core  .shall  be  as  noted  in  figure  4-9. 

2.  Test  panel  assembly 

• Adhesive  bonding  material  and  instructions  shall  be  as  designated  in  the  applicable 
specification. 

• Two  test  panel  blanks  and  core  shall  be  bonded  into  an  assembly  as  shown  in  figure  4-9. 

• Identify  each  test  panel  assembly  and  specimen  as  necessary. 

3.  Honeycomb  peel  test 

• Test  the  specimens  to  the  procedures  described  in  MlL-A-254b3. 
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2^  Holes,  4 places,  0.125  D centered  approximately 
^ 0.25  inches  from  edges. 

Figure  4-8.— Honeycomb  Peel  Test  Panel  Blank 


Peeling  face  panel— 11.0  x 14,0  x 0.020  inches 
Backing  panel-  1 1.0  x 12.0  x 0.020  inches 
Core- 1 1 .0  X 1 2.0  X 0.625  inches 


Figure  4-9.— Honeycomb  Pee!  Test  Panel  Assembly 
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5.0  SURFACE  PREPARATION  PROCEDURES 


5.1  GENERAL 

SURFACE  PREPARATION  IS  THE  MOST  CRITICAL  STEP  IN  THE  ADHESIVE  BONDING 
PROCESS.  THE  ADEQUACY  OF  PREPARATION  OF  THE  ADHEREND  SURFACES  WILL 
LARGELY  DETERMINE  THE  SUCCESS  OR  FAILURE  OF  THE  BOND.  It  is  imperative  that  the 
best  surface  treatment  be  used.  In  many  cases,  it  will  be  necessary  to  use  a nontank  or  hand  procedure. 
This  is  the  case  in  which  a repair  is  to  be  made  on  a component  and  the  component  cannot  be 
immersed  in  a tank.  In  other  cases,  such  as  at  field  bases,  surface  preparation  tanks  may  not  be  avail- 
able. Where  tanks  can  be  used,  however,  they  should  be.  Their  use  offers  many  advantages  over 
hand  procedures.  These  include: 

• Reduced  possibility  of  contamination  of  parts  from  handling 

• Better  control  of  solution  compositions 

• Better  control  of  solution  temperatures,  which  includes  the  ability  to  use  hot  processes 

• Closer  control  of  time  in  solutions 

• Precise  control  of  the  anodic  process 

• More  effective  cold  or  hot  water  rinsing  by  either  spray  or  dip  processes 

• Time  and  temperature  control  of  drying  ovens 

• Reduced  cost  due  to  more  efficient  multiple  part  processing  and  improved  repair  durability 

In  order  to  obtain  durable  bonds  under  service  environments,  surface  preparation  procedures  outlined 
in  this  section  should  be  used.  The  procedures  given  are  recommended  guides  and  the  preferred 
method  of  surface  preparation  should  be  used  whenever  feasible.  Use  of  marginal  methods  such  as 
abrading  plus  solvent  cleaning  gives  bonds  with  poor  environmental  durability. 

The  difference  between  a marginally  and  a properly  prepared  bond  surface  is  illustrated  in  figures  5-1 
and  5-2.  Flat  strips  of  aluminum  were  cleaned  using  either  abrasion  and  solvent  wiping  or  were 
prepared  by  phosphoric  acid  anodizing.  Pairs  of  the  strips  were  bonded  together.  The  end  of  the 
laminated  strips  were  forced  apart  by  inserting  a small  metal  wedge.  The  strips  were  then  placed  in  a 
chamber  and  exposed  to  140°  F and  a high  humidity.  The  rate  that  the  split  or  crack  propagated 
was  measured.  The  strips  were  subsequently  split  apart  and  the  surfaces  examined.  The  crack  in 
the  solvent  cleaned  specimens  grew  quite  rapidly.  The  adhesive  pulled  away  from  the  metal  surface  as 
shown  in  figure  5-1 . By  contrast,  the  crack  growth  of  the  anodized  strips  was  almost  nil.  When 
pulled  apart,  the  failure  was  in  the  center  of  the  bond,  i.e.,  cohesive,  rather  than  from  the  metal.  This 
is  shown  in  figure  5-2.  The  results  of  this  type  of  test  correlate  well  with  satisfactory  or  unsatisfactory 
service  performance.  Admittedly,  more  time  is  required  to  prepare  the  bond  surface  properly.  The 
pay-off,  however,  is  in  having  a bond  that  will  not  fail,  in  a short  time,  after  the  repaired  part  has  been 
returned  to  service. 


5-1 


1 


ii 

1 1 

\ ( 

J! 
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Note  how  the  adhesive  pulled  away  from  the  metal  (adhesive  failure). 


Figure  5-1  .—Aluminum  Failure  Surfaces— Solvent  Cleaned 
Before  Bonding 

111  cases  wlicrc  aiiequatc  surface  preparation  facilities  are  not  available,  prepareil  skins  have  been  iiseil 
to  an  aiivantaiie.  Tliese  skins  are  cleaneii  at  a base  facility  in  accordance  with  staiulard  approted 
inetliods.  fhe  clean  skin  is  then  primed  and  bonded  to  a layer  of  approved  adhesive  film  w ith  a n\  Ion 
peel  ply  on  the  other  side  of  the  adhesive.  This  prebonded  skin  is  stored  until  required  for  use.  It  is 
then  cut  to  required  si/e.  the  nylon  peel  ply  removed,  and  the  skin  bonded  in  place.  On-site  cleaning 
of  the  part  to  be  repaired  is  still  required.  However,  the  amount  of  on-site  cleaning  is  minimized. 


1 


Some  materials  used  in  bonded  structural  repairs  and  surface  preparation  methods  are  toxic  and 
nammable.  Txercise  care  in  using  these  materials.  Follow  the  applicable  government  regulations,  and 
observe  the  following: 

• Use  cxplosionproof  electrical  equipment. 

• Keep  repair  area  well  ventilateil. 

• Keep  solvents  and  cleaners  in  safety  containers. 


h 
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Failure  occurred  within  the  adhesive  (cohesive  failure.! 


-Aluminum  Failure  Surfaces— Phosphoric  Acid 
Anodized  before  Bonding 


I hreatUing  adhesive  or  cleaning  fltiid  tunies. 

» Wear  rnhlH'r  gloves  and  protective  clothing  when  handling  acid  and  caustic  cleaning  solutions. 

DO  NOT  allow  acids  to  come  in  contact  with  the  surtace  ol  high  strength  steels. 

5.2  CLE.\NING  OF  .ALI'MINUM  C ORE  FOR  BONDING 

1 . Clean  core  surfaces  to  he  bonded  using  vapor  degrease,  .solvent  flush,  or  luit-frce  elolh  nunstened 
with  trichloroethane. 

Dry  .he  core  at  either  room  temperature  or  with  warm  (not  hot)  dry  a,r  (c.g..  1 I'  mas). 

,V  Handle  core  only  when  wearing  clean  lint-tree  cotton  gloves. 

4.  If  core  is  not  used  immediately,  protect  hy  wrapping  or  covering  with  clean,  wax-tree  Kraft 

paper. 

5.3  ALUMINUM  Sl'RFAC  E PREPARATION 

■Mummiim  surfaces  to  he  bonded  shall  he  prepared  using  immersion  tank  cleaning  or  nontank  hand 
d linine  Where  tank  facilities  are  available,  immersion  tank  cleaning  methods  arc  rccommeiulal.  i 
Pictures  or  facilities  without  tank  cipiipment.  use  the  prelerred  nontank  (acid)  cle.imi  g ^ 
methods,  riie  alternate  nontank  method  (no  acid)  is  for  use  only  with  structures 
honevcomh  panel  such  as  in  areas  where  contamination  is  likely  to  occur  during  >k id  d.  .ini  i.c. 

Table  5-1  illustrates  the  various  preferred  and  alternate  methods  available  lor  sin  asi  pupa  a u 

5.3.1  TANK  PROCESSES 

..mk  are  ,,,  .at-lo  5-:,  A ,no,o  alola.Ial  .k-sernAion 

Mkawias  A OosarilMlon  ol'  the  I'ae.ltlies  ts  stvut  x.th.h  h„  , I . 

5.3.1 . 1 Vapor  Degreasing  ( Solvent  Cleaning) 

Where  loose  adhering  dirt,  grease,  or  oil  is  present,  organic  solvent  degreasing  should  -''';'^'Ved. 
Simple  surface  cleaning  is  typically  accomplished  with  trichloroethane  or  perch loroetlukiK . Hu 
'“bent  should  be  dtanged  o!  cleaned  on  a regular  .schedule.  The  s<ilvent  ,s  usually  heated  to  a mu  i- 
of  1S5‘’  I'  for  best  results.  Cleaning  by  this  method  meets  the  re.iiiirements  tor  sob  a nt  sapi  i 

cleaning  according  to  TT-C-4'^)().  method  II. 

C VIITION:  These  Chlorinalod  Hydrocarbon  Solvents  are  lovii. 

Anesthetic,  and  Present  a l ire  Hazard  I'niess  Properly 
Used  and  Maintained,  .\void  Allowing  Solvent  to 
Contact  the  .Skin  and  Breathing  the  Solvent  Vapors. 

'in.l  onoralioils  shall  bc  approsckl  b\ 


• Avoid  breathing  adhesive  or  cleaning  fluid  fumes. 

• Wear  rublier  gloves  and  protective  clothing  when  handling  acid  and  caustic  cleaning  solutions. 

DO  NOT  allow  acids  to  come  in  contact  with  the  surface  of  high  strength  steels. 

5.2  CLEANING  OF  ALUMINUM  CORE  FOR  BONDING 

1 . Clean  core  surfaces  to  be  bonded  using  vapor  degrease,  solvent  flush,  or  lint-free  clolh  moistened 
with  trichloroethane. 

2.  Dry  the  core  at  either  room  temperature  or  with  warm  (not  hot)  dry  air  (e.g..  1 50^’  F max). 

.L  Handle  core  only  when  wearing  clean  lint-free  cotton  gloves. 

4.  If  core  is  not  used  immediately,  protect  by  wrapping  or  covering  with  clean,  wax-free  Kraft 

paper. 


5.3  ALUMINUM  SURFACE  PREPAR  ATION 

.Aluminum  surfaces  to  be  bonded  shall  be  prepared  using  immersion  tank  cleaning  or  nontank  hand 
cleaning.  Where  tank  facilities  are  available,  immersion  tank  cleaning  methods  are  recommended.  For 
fixed  structures  or  facilities  without  tank  equipment,  use  the  preferred  nontank  (acid)  cleaning 
methods.  The  alternate  nontank  method  (no  acid)  is  for  use  only  with  structures  internal  to  the 
honeycomb  panel  such  as  in  areas  where  contamination  is  likely  to  occur  during  acid  cleaning. 

Table  5-1  illustrates  the  various  preferred  and  alternate  methods  available  lor  surface  preparation. 

5.3.1  TANK  PROCESSES 

Abbreviated  tank  processing  steps  are  shown  in  table  5-2.  A more  detailed  description  ot  these  items 
is  given  in  the  following  .sections.  A description  of  the  facilities  requia'iiients  is  given  in  section  8.3.1. 

5.3.1 . 1 Vapor  Degreasing  ( Solvent  Cleaning) 

Where  loose  adhering  dirt,  grease,  or  oil  is  present,  organic  solvent  degreasing  should  be  employed. 
Simple  surface  cleaning  is  typically  accomplished  with  trichloroethane  or  perchloroethylene.  The 
solvent  should  be  changed  or  cleaned  on  a regular  schedule.  The  solvent  is  usually  heated  to  a mini- 
mum of  185*^  F for  best  results.  Cleaning  by  this  method  meets  the  requirements  for  solvent  vapor 
cleaning  according  to  TT-C-440,  method  11. 

CAUTION:  These  Chlorinated  Hydrocarbon  Solvents  arc  Toxic. 

Anesthetic,  and  Present  a Fire  Hazard  Unless  Properly 
U.sed  and  Maintained.  Avoid  Allowing  Solvent  to 
Contact  the  Skin  and  Breathing  the  Solvent  Vapors. 


The  health  and  safety  aspects  of  vapor  degrease  installations  and  operations  shall  be  approved  by 
industrial  hygiene  and  safety  persoitnel. 
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Table  5- 1.  —Surface  Preparation  Methods 


Preferred  for  350°  F curing  adhesives  hSving  nitrile  components,  e.g.,  FM  61. 


Table  5.2.— Tank  Processes,  Aluminum  Surface  Preparation 


Section  5. 3. 1.1  5, 3.1. 2 5, 3. 1.3  5.3. 


C'll'ncral  ilescription  of  proceiluro: 


1,  Place  parts  in  racks  in  a manner  tliat  prevents  liainatie  and  tliat  assures  good  vapor  circulation 
around  all  part  surfaces  and  good  condensate  drainage.  Do  not  allow  parts  to  contact  one 
another. 

2.  Lower  work  into  the  vapor  slowly.  I'he  rate  should  not  exceed  12ft/min.  For  heavy  soil  the 
procedure  shoulil  involve  vapor,  flush,  vapor.  Remove  insoluble  soil  by  Hushing  with  clean 
liiiuid  solvent. 

NOTH;  Always  direct  hand-held  nozzles  downward. 

.T  Mold  the  work  in  the  vapor  until  the  solvent  stops  condensing  on  the  parts.  Remove  entrapped 
solvent  by  tilting  the  parts  in  the  rack. 

4.  Slowly  remove  the  work  from  the  degreasing  va|ror.  Allow  time  I'or  tiie  li(iuid  to  drain  from  the 
parts.  Allow  the  details  to  cool. 

.S.  Recycle  if  nece.ssary. 

6.  Keep  parts  clean. 

NOTH:  .\fter  vapor  degreasing  and  prior  to  commencing  alkaline 

cleaning,  parts  shoukl  be  thoroughly  dried  to  prevent 
contamination  of  alkaline  cleatier  solution  with  solvent. 

5.3. 1 .2  Alkaline  Cleaning 

In  high-strength  applications,  particularly  when  aluminum  is  to  be  bonded  to  itself  or  to  other  metals, 
chemical  precleaning  is  usually  mandatory  prior  to  final  surface  preparation.  C’onsult  the  engineering 
authority  or  the  applicable  aircraft  I'.O.  to  determine  which  of  the  particular  pretreatments  is  most 
appropriate.  Recommended  alkaline  cleaners  for  aluminum  are  listed  in  table  5-.T 

CAUTION;  Safety  Precautions  for  Handling  Caustic  Materials 
Must  be  Olxserved  During  All  Operations  Involving 
Alkaline  Cleaners.  Caustic  Cleaners  May  Spatter 
When  Added  to  Water. 

Preparation  of  Cleaning  Solutions.  - Use  the  following  procedures  for  making  up  alkaline  cleaner 
solutions.  Perform  operations  listed  below; 

1.  Hill  the  tank  approximately  1/2  full  of  water. 

2.  Distribute  the  reipiired  nuantity  of  cleaner  uniformly  over  the  water  surface  slowly  and  with 
thorough  mixing. 
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Add  w.iier  to  within  ’ inches  ot  the  oper.itmg  level 


Table  5-3.— Recommended  Alkaline  Cleaners 


Aluminum  cleaner 

Restrictions 

Control  limits, 
oz  / gal 

Operating 
temperature, 
degrees  F 

Oakite  61 A 

5/8 

160  to  190 

T urco  2623 

□Z> 

5/8 

160  to  175 

Wyandotte  Altrex  B 

□3[I> 

6/8 

135  to  190 

Cee  Bee  A-54 

n2> 

6/8 

135  to  145 

Pacific  SP-112-LF 

6/8 

135  to  145 

Pennsalt  2476 

q:> 

6/8 

135  to  145 

Turco  4090-14 

□3 

6/8 

135  to  190 

Isoprep  44 

ny 

6/8 

135  to  145 

Northwest  LP3651 

jy 

6/8 

135  to  145 

Oakite  61 B 

x> 

5/8 

160  to  190 

Oakite  BOA 

jy 

6/8 

135  to  145 

Pennsalt  A-31 

lyay 

4/8 

135  to  185 

Turco  4215  and  4215  Additive 

T>1X> 

4/8  (Turco  421 5) 

135  to  185 

Turco  4215  Special 

Wyandotte  Aldet 

4/8 

4/8 

135  to  185 
135  to  185 

Turco  4215 

jjyjiy 

0.75  / 2.25 

145  to  190 

Flagnotes  in  "Restrictions"  column) 

I 1 y These  cleaners  are  not  acceptable  when  rinse  water  is  reprocessed  by  deionizing,  except  as  noted  in  1 7 

I 2 y These  cleaners  are  acceptable  when  rinse  water  is  reprocessed  by  deionizing. 

I 3 y Non-silicated  soak  cleaners. 

I 4 y Use  Turco  4215  additive  with  Turco  4215  to  improve  ink  removal. 

I 5 ^ Non-silicated  spray  cleaner. 

( 6 y Proportions:  i pint  to  1 quart  of  Turco  4215  additive  per  100  gallons  of  cleaning  solution. 

I 7 y These  cleaners  are  acceptable  when  rinse  water  is  reprocessed  by  deionizing,  provided  activated  charcoal 

filters  are  used  and  the  concentration  of  wetting  agents  is  maintained  below  20  ppm  after  filtering. 


4.  Heat  the  solution  to  tlie  operating  temperature.  Add  water  to  attain  the  operating  level  and  mix 
thoroughly. 

Maint^auce  of  Cleaning  Solutions.  Use  the  following  proeedure  to  ensure  effectiveness  of  cleaning 
.solutions  for  aluminum. 

1.  Maintain  the  alkaline  cleaner  solution  per  specification. 

2.  Maintain  the  level  of  cleaner  solutions  within  two  inches  of  specified  operating  levels. 

.U  Skim  the  solutions  as  necessary  to  maintain  clean  .solutions  and  parts. 

4.  Dump  and  make  up  the  immersion  alkaline  cleaners  when  the  accumulative  total  adilitions  ol 
cleaner  eijual  1 00  percent  of  the  maximum  allowable  initial  charge. 

5.  The  processing  solutions  and  equipment  (including  air  dryers)  shall  be  kept  clean  at  all  times. 
OPERATIONS  SHALL  BE  SUSPENDED  AND  C ORRECTIONS  MADE  WHEN; 

• Surfaces  of  parts  do  not  remain  water-break-free  after  witliilrawal  from  the  processing 
solution  or  the  subsequent  rinse. 

• A nonremovable  smut  is  formed  or  particles  are  deposited  on  the  surface  of  the  part. 

• Lhe  solution  temperature  or  composition  is  outside  the  control  limits. 

• Lhe  solution  surface  has  become  oily,  or  has  acquired  a scum. 

• Parts  are  pitted  or  excessively  etclietl. 

• The  solution  is  not  at  Die  reqiiireil  operating  level. 

• I'he  .solution  is  no  longer  effective. 

b.  A laboratory  shall  analyze  the  solutions  and  describe  and  record  additions,  purilications,  or 
withdrawals  required  to  make  the  solution  comply  with  the  required  control  specification. 

7.  Do  not  use  metal  cleaning  facilities  to  clean  nonmetals  (e.g.,  plaslic.s,  reinforced  plastics, 
masking  or  stop-off  materials,  etc). 

Cleaning  Procedure.  -Use  the  lollowing  procedure  to  clean  aluminum  parts. 

1 . Parts  shall  be  relatively  free  of  grease  and  oil  before  alkaline  cleaning  to  minimize  the  contamina- 
tion in  the  cleaning  tanks  and  to  ensure  maximum  alkaline  cleaning  effectiveness. 

2.  Agitate  all  cleaning  solutions  after  prolonged  standing  or  after  atidition  ol  chemicals  or  water  to 
ensuie  uniformity  of  concentration. 

I 


59 


3.  Completely  immerse  parts  in  cleaning  solutions  or  rinse  tanks.  When  possible,  agitate  cleaning 
.solutions,  rinse  water,  or  parts  during  processing. 

4.  Parts  may  be  immersion  rinsed  following  alkaline  cleaning.  Do  not  immersion  rinse  parts  from 
alkaline  or  neutral  solutions  in  tanks  used  for  rinsing  parts  from  acid  solutions. 

5.  Control  the  temperature  of  cleaning  solutions  within  ±.3'-’  F of  those  selected  and  maintain  the 
temperature  within  the  allowable  ranges  specified. 

0.  Spray  cleaning  and  spray  rinsing  recpiire  that  all  parts  be  of  such  shape  and  racked  in  such  a 
manner  that  all  surfaces  are  contacted  by  impinging  sprays  and  are  adeciuately  drained. 

7.  The  following  are  the  requirements  for  parts  after  alkaline  cleaning  and  rinsing; 

• Parts  shall  be  free  of  smut  and  soil  including  wax,  pencil  marks,  and  printing  ink  except 
as  noted  in  the  following  comment. 

• Ail  marking  ink  shall  be  removed  except  on  aluminum  where  the  more  tenacious  residual 
inks  are  allowed. 

• Fxcept  for  part  areas  containing  permitted  residual  marking  inks,  parts  shall  show  a 
water-break-free  surface.  A water-break-free  surface  is  a surface  which  maintains  a con- 
tinuous water  film  for  a period  of  at  least  30  seconds  after  having  been  spray-  or  immersion- 
rinsed  in  clean  water  at  a temperature  below  100^  F. 

5.3. 1.3  Rinsing 

In  rinsing  aluminum  parts,  observe  the  following. 

1.  Whenever  possible,  rinsing  after  processing  in  a .solution  operated  above  F should  incluile 
the  use  of  a water-fog  curtain  above  the  processing  tank  to  prevent  the  solution  drying  on  the 
part. 

2.  For  spray  rinsing,  use  a flow  of  1.-3  to  3.0  gallons  of  water  per  minute  over  each  .>«|uare  fool  of 
tank  opening.  Parts  shall  be  so  positioned  that  all  surfaces  are  directly  accessible  to  the  spra> , 


3.  Sufficient  water  shall  be  Howing  into  the  rinse  tank  to  maintain  the  contaminants  below  the 
following  levels: 


Process 

Restrictions  on  use  ot 
rinse  water 

Maximum  total  solids 
content  in  water  (ppm) 

Alkaline  cleaning 

Must  not  be  used  to  rinse  parts  from  acid 

750 

processes. 

1 

Aluminum  etching 

Must  not  be  used  for  any  other  purpose. 

150 

li 

1 


Anodizing 


Preferred  for  metal  bond  only. 


too 


5.3.1 .4  Deoxidizing  (FPL  Etch) 


Deoxidizing  involves  immersion  of  the  aluminum  in  an  active  solution  that  accomplishes  one  of  the 

following;  i 

\ 

• It  replaces  the  weak  residual  oxide  on  the  metal  surface  with  a strong  oxide  layer  that  is  more 
suitable  for  bonding. 

) 

• It  provides  a suitable  surface  for  the  subsequent  anodizing  process. 

All  aluminum  alloys  require  etching  prior  to  adhesive  application  to  obtain  a suitable  quality  bond. 

The  parts  are  etched  by  immersion  in  a sulfuric  dichromate  solution  made  of  sodium  dichromate  and 
sulfuric  acid.  The  solution  make-up  composition  and  control  is  indicated  below. 

Deoxidizing  Process.  -Immerse  the  parts  in  the  sulfuric-dichromate  solution  for  the  time  indicated 
for  the  particular  process.  Without  delay,  cold  water  spray  rinse  for  5 to  15  minutes.  After  etching, 
two  rinses  are  commonly  used,  the  first  an  ambient  temperature  water  spray  rinse  followed  by  an 
ambient  or  warm  immersion  rinse.  All  chemicals  must  be  thoroughly  rinsed  immediately  from  the 
aluminum  surface  to  ensure  good  bonding  results.  The  quality  of  water  used  in  the  etch  solution 
and  rinses  must  be  controlled  as  indicated  in  previous  section  (Alkaline  Cleaning). 

Immediately  after  rinsing,  the  etched  parts  should  be  observed  for  a water-break-free  surface.  Such  a 
test  does  not  indicate  the  presence  of  materials  that  absorb  water,  merely  the  absence  of  a greasy 
surface.  If  a surface  is  not  water-break-free,  the  part  must  be  recleaned  immediately. 

If  the  parts  are  not  to  be  subsequently  anodized  prior  to  bonding,  use  the  following  procedure: 

1 . Etch  for  1 2 to  1 5 minutes. 

2.  Rinse. 

3.  Dryat  130°±  lO^F. 

4.  Protect  treated  parts  from  contamination. 

5.  Prime  within  16  hours. 

Solution  Make-Up  and  Control.  -Crack-extension  or  peel  test  panels  (see  sec.  4.4)  shall  have  been  tested 
prior  to  processing  parts  through  a new  solution  and  shall  be  used  with  each  load  of  parts  processed. 
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The  deoxidizer  solution  shall  he  made  up.  replenished,  and  maintained  to  the  following  requirements: 
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1.  Solution  make-up  compound 
NasCrsO-j 

H2SO4 

Aluminum* 

2.  Operating  temix'rature:  1 .''(T’ to  I UO^M- 

.T  Metal  removal  rate;  0.00022  to  0.00034  in./surface/lir 

NOTF;  Wlien  chemical  replenishments  to  maintain  control 

limits  do  not  maintain  the  reiiuired  removal  rate,  adjust 
the  temperature  within  the  specified  limits  of  item  2. 
above.  A temperature  increa.se  of  7.0^^  F will  increa.se 
the  metal  removal  rate  about  0.0001  in. /surface 'hr. 

5. 3. 1.5  Anodizing 

5.3. 1 .5.1  Phosphoric  Acid  Anodize 

Solution  composition  and  operating  temperature  is  as  follows: 

1.  Maintain  the  total  acid  (H'*’  ion)  concentration  equivalent  to  13-  to  Ih-o/'gal  phosphoric  acid 

, primary  11^  ion  equivalent). 

2.  Hydrogen  ion  (11'*’)  concentration  may  be  determined  by  any  valid  method  not  subject  to 
interference  from  the  dissolved  aluminum  alloy. 

3.  riie  operating  temperature  ol  the  anodi/ing  solution  should  be  (17“^  to  77“  F. 

4.  I'ungus  that  may  develop  in  the  anodizing  solution  may  be  removed  by  llltering. 
rite  process  How  tsee  table  5-2)  is  as  follows: 

1.  Vapor  degrease  (sec.  5.3.I.I)  to  remove  surface  contaminants  if  required  by  the  condition  of  the 
detail  or  part. 

2.  Alkaline  clean  (sec.  5. 3. 1.2)  for  at  least  10  minutes  in  an  approved  alkaline  cleaner  from 
table  4-4.  Without  delay,  rinse  in  hot  water  (1 10^’  F minimum)  for  5 minutes  (.sec.  5. 3. 1.3). 

3.  Deoxidize  in  sulfuric-dichromate  solution  (sec.  5.3. 1 .4)  for  1 0-  to  I 5 minutes. 

♦Aluminum  shall  be  2024  alloy.  This  alloy  is  required  because  of  its  particular  alloy  com- 
position. Old  solution  shall  not  be  used  to  make  up  dissolved  aluminum. 


Concentration  limits 

4. 1 to  1 2.0  oz/gal  as  Na2C'r207  ■ 2H2O 

38.5  to  41.5  oz/gal  as  H2SO4 

0.20  oz/gal  of  dissolved  aluminum  mininunn 
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4.  Without  delay,  rinse  in  cold  water  for  5 minutes. 

5.  Anodize  in  the  phosphoric  acid  solution  for  20  to  25  minutes  at  10  volts  ± 1 volt.  The  part  is 
connected  as  the  anode  (+). 

6.  Without  delay,  cold  water  rinse  for  10  to  15  minute.s. 

7.  Dry  at  IhO^^  F maximum. 

NOTE;  DO  NOT  TOUCH  the  anodized  surface  prior  to  priming. 

8.  Examine  for  anodic  coating  after  parts  are  dried  (step  7).  This  will  be  indicated  by  an  inter- 
ference color  when  viewed  in  daylight  or  through  a polarizing  filter,  as  shown  in  figure  5-3. 


Figure  5-3.— Polarized  Light  Test—  Verification  of  Anodic  Oxide  Film 

9.  If  no  color  is  observed,  repeat  steps  3 through  8. 

10.  Prime  within  72  hours  following  drying. 

5.3. 1.5.2  Chromic  Acid  Anodize 

Composition  of  chromic  acid  anodize  solution  is  as  follows. 

1.  Initial  make-up:  30.0  lb  chromic  acid  per  1 00  gallons.  (3.5'<'  by  weighD 

2.  Control  limits: 

a.  Total  hexavalent  chromate  (as  CrO^);  4.0  to  1 3.4  oz/gal  (3  to  1 0'f  by  weight) 

b.  Free  chromic  acid  (as  CK)^):  4.0  to  0.7  oz/gal  (3  to  5%  by  weight) 

3.  Maintain  the  solution  by  draw-off  and  addition  of  CrO^.  or  by  ion  exchange  purification. 
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riie  process  flow  (see  table  5-2)  is  as  follows: 

1 . Vapor  degrease  (sec.  5.3. 1 .1)  as  required  to  remove  surface  contaminants. 

) 

2.  Alkaline  clean  (sec.  5. 3. 1.2)  for  5 to  10  minutes  in  an  approved  alkaline  cleaner.  Without  delay, 
rinse  in  hot  water  ( 1 lO'^  F minimum)  for  5 minutes  (sec.  5.3. 1 .3). 

3.  Deoxidize  in  the  sulfuric-dichromate  solution  (sec.  5. 3. 1.4)  for  5 to  10  minutes.  Without  delay 
rinse  in  cold  water  for  5 minutes. 

CAUTION;  Agitate  the  Anodizing  Bath  for  10  Minutes  Minimum 
Immediately  Prior  to  Anodizing. 

4.  Lower  the  parts  into  the  anodizing  bath  and  apply  current  with  the  part  as  the  anode  within 
5 seconds  after  immersion.  (Time  to  totally  immerse  parts  shall  be  I 5 seconds.) 

5.  Raise  the  dc  voltage  at  a uniform  rate  to  22  ± 2 volts,  over  a 5-minute  period.  Maintain  the 
voltage  at  22  + 2 volts  for  25  minutes. 

0.  Maintain  the  temperature  of  the  bath  at  ‘)5^^  ± 3°  F. 

7.  Remove  the  current  and  then  raise  the  parts  from  the  tank  and  begin  rinsing  within  2 minutes 
after  the  current  has  stopped.  Spray  rinse  in  cold  wafer  F max.)  for  a minimum  ol  5 
minutes  using  water  containing  not  more  than  1 50  ppm  total  solids.  When  double  counter- 
current  rinsing  is  used,  the  time  specified  is  for  eat  /;  tank. 

NOTE;  It  is  optional  to  use  individual  water-feed,  double 
immersion  rinse  in  lieu  of  double  counter-current 
rinse. 

CAUTION:  DO  NOT  SEAL  the  Chromic  Acid  Anodized  Surface 

for  Adhesive  Bonding  Applications. 

X.  Dry  thoroughly  at  room  temperature  to  140^’  F maximum. 

NOTE;  DO  NOT  TOUCH  the  anodized  surface  prior  to  priming. 

Prime  within  72  hours  following  drying. 

5.3.2  NONTANK  PROCESSES 

The  nontank  cleaning  methods  for  aluminum  are  given  in  the  following  section.s.  An  abbreviation  ot 
the  processing  steps  is  shown  in  table  5-4.  Observe  safety  procedures  and  exercise  caution  in 
handling  the  processing  solutions.  The  acid  nontank  cleaning  methods  are  phosphoric  acid  nontank 
anodize.  PasaJell  105.  and  2%  hydrolluoric  acid  (HF).  These  are  described  in  the  order  ol  prelerence 
A solvent  method  is  given  as  an  alternate.  This  should  only  be  used  with  appropriate  approval  since 
this  procedure  gives  bonds  with  greatly  reduced  durability. 
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NOTE;  Prior  to  the  start  of  processing,  be  sure  undamaged 
areas,  crevices,  and  fasteners  are  protected  from  acid 
contamination  by  masking  off  these  areas  with  suitable 
tape  and  plastic  film.  Protect  working  bench  tops  and 
surrounding  areas  by  placing  plastic  film  (e.g..  Mylar) 
between  the  part  and  the  bench  tops. 

Precleaning  for  the  nontank  methods  is  as  follows: 

1.  Solvent  wipe  the  surfaces  surrounding  the  repair  area  to  remove  oil,  dirt,  grease,  etc. 

2.  Remove  the  organic  finish  with  solvents  and  mechanical  means  or  with  approved  strippers. 

The  former  is  preferred. 

NOTE:  Prevent  stripper  from  entering  existing  bondlines,  as 

stripper  may  have  a deleterious  effect  on  the  bond. 

5.3.2. 1 Phosphoric  Acid  Nontank  Anodize  (Preferred  Method) 

1.  Solvent-wipe  with  MEK,  trichlorethane  or  equivalent. 

2.  Abrade  with  nonwoven  abrasive  such  as  nylon  abrasive  pads  or  equivalent. 

3.  Dry  wipe  with  clean  gauze  to  remove  dust  and  debris. 

4.  Apply  a uniform  coat  of  gelled  1 2%  phosphoric  acid  (table  4-4)  or  PR  50*  to  aluminum  surface. 

5.  Place  2 or  3 layers  of  gauze  over  top  of  coating;  apply  another  coat  of  gelled  phosphoric  acid 
to  completely  saturate  and  wet  out  the  gauze  (fig.  5-4). 

6.  Secure  a piece  of  stainless  steel  screen  over  the  coating.  Apply  another  coating  of  the  gelled 
phosphoric  acid. 


NOTE:  Be  sure  that  the  stainless  screen  DOES  NOT  CONTACT 

any  part  of  aluminum  surface  being  anodized. 

7.  Connect  screen  as  cathode  (-)  and  aluminum  as  anode  (+)  as  shown  in  figure  5-5. 

NOTE:  Check  this  set-up  before  proceeding;  Screen  ds  cafhode 

(-  ) and  aluminum  as  anode  (+). 

8.  Apply  a dc  potential  of  6 volts  for  10  minutes  (4  to  6 volts  for  10  to  12  minutes  are  satisfactory). 

A rectifier  may  be  used  to  supply  the  voltage  and 
current  during  anodizing.  Current  density  should  be 
in  the  range  of  1 to  7 amps/ft“.  In  an  emergency,  a 
fresh  or  f'ully  charged  dry  or  wet  cell  battery  may  be 
used  to  anodize  small  areas. 

♦Celled  phosphoric  acid  compound  can  be  purchased  from  Products  Research  Corporation  or 
made  by  adding  "cab-o-sil”  to  1 17c  phosphoric  acid  until  thickened. 


NOTE: 


! 
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Anodizing  in  Process 


Figure  5-5.~Anodizing  Aluminum  Repair  Details 


Tl\e  anodizing  is  sl\own  hoing  accomplished  in  figure  5-0. 

'■).  At  tlie  end  of  the  anodizing  time,  open  the  circuit,  remove  the  screen  and  gauze. 

10.  Moisten  clean  gauze  with  water.  Lightly  wipe  off  the  gelled  acid  with  moistened  gauze  without 
delay  (fig.  5-7).  The  rinse  delay  time  is  limited  to  less  than  5 minutes.  Do  not  rub  the  anodized 
.surface.  Immersion  or  spray  rinsing  should  be  used  it  possible. 

1 1 . Air  dry  a minimum  of  .^0  minutes  at  room  temperature  or  force-air  oven  dry  at  1 40*^  to  1 60^^  F. 

1 1.  Clieck  quality  of  prepared  surface.  A properly  anodized  .surface  will  show  an  interference  color* 
when  viewed  through  a polarizing  filter  rotated  at  a low  angle  of  incidence  to  fluorescent 
light  or  daylight.  An  inspection  being  accomplished  is  shown  in  figum  5-8. 

1 .5.  If  no  color  is  observed,  repeat  steps  4 through  1 2. 

NOTE:  Machined  surfaces  or  abraded  surfaces  sometimes  are 

difficult  to  in.spect  for  color.  Rotation  of  the  polarizing 
filter  is  required  because  .some  pale  shades  of  yellow  or 
green  are  so  close  to  white  that  without  a color-change 
inspection,  they  might  be  con.sidered  “no  color,"  which 
would  falsely  indicate  no  anodic  coating. 

CAUTION;  DO  NOT  TOUCH  the  Dried  Anodized  Surface.  DO 
NOT  Apply  Tape  to  the  Surface. 

.Anodizing  Both  Surfaces.  — \n  the  ca.se  of  patch  doublers  or  skin  details  in  which  both  surtaces  are  to 
be  anodized,  a setup  as  shown  in  figure  5-b  may  be  used.  In  this  procedure,  both  surtaces  ot  the 
aluminum  are  coated  with  the  gelled  phosphoric  acid,  covered  with  acid-coated  gauze  (2  layers), 
and  then  covered  with  the  stainless  steel  screen  as  the  cathode.  It  is  important  to  elevate  the  part 
slightly  to  allow  gases  formed  during  anodizing  to  escape  from  the  bottom  surlace.  Trapped  gases 
will  result  in  smut  deposits  on  the  surface  and  poor  surface  preparation. 

♦Original  color  changes  to  complementary  color  when  polarizing  filter  is  rotated  b0°. 
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Figure  5-7. -Removing  Acid  by  Gently  Wiping  With  Wet  Game 


5.3. 2. 2 PasjiJell  105  Method  (Optional) 

C.AIITION;  PasaJell  105  is  Es|H'cially  Notorious  for  Causing 

Severe  Corrosion  When  it  Has  Been  Allowed  to  Fnter 
Un.sealed  Joints  and  Rece.s.se.s.  Mask  Tht>.se  Areas 
Prior  to  Use  of  PasaJell  105.  Completely  Flush  the 
.Areas  to  Remove  all  Traces  of  PasaJell  105  .After 
Using. 

1 . Solvent  clean  with  Ml'K,  trichloroethane,  or  other  approved  solvent. 

2.  Ahrade  with  a nylon  abrasive  pad  or  400-grit  ahimimiin  oxide  abrasive  paper. 
Dry  wipe  with  clean  gati/e  pads. 

4.  Apply  PasaJell  105  to  surface  with  a spatula,  brush,  or  gan/e  tfig.  5-10). 
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Figure  5-8— Inspecting  the  Phosphoric  Acid  Anodized 
Surface  With  a Polarized  Filter 


Figure  5-9.— Set  Up  for  Anodizing  Both  Sides  of  Aluminum  Detail 
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Aluminum  foil  tape  has  been  usetl  to  make  a barrier  to  contain  the  acicf. 

Figure  5 W.—PasaJell  105  Applied  to  Aluminum  Surface  for  Bonding 


WARNING:  Wl- AR  RiHHU  R GL  OVE  S AND  G0G(;L1;S 

WIlliN  USING  I’ASAJi: l.L.  II  SKIN  OR  l Yl  S 
COM!-:  IN  CONTACT  WITH  ACID.  IMMEDIATl  LY 
I LUSH  WITH  W ATI  R. 

5.  I oavo  I’as.iJcll  105  on  the  siirfaco  lor  10  to  15  mimitcs. 

(V  Wipe  oil  I’asaJcll.  Di)  mO  wipe  PasaJoll  oiiU>  ailjaeonl  areas  or  ereviees  irr  allow  il  to  enter 
honeveomli  core. 

7.  Dampen  a clean  nan/e  pail  with  clean  water  anil  wipe  the  trealeil  area.  Repeat  as  necessarv  ami 
check  w ith  litnnis  paper  to  he  sure  that  all  trace  of  aciil  has  been  removeii. 

S.  .Allow  to  air  ilry  before  applyinn  primer  or  bomlint:. 
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5.3. 2.3  Two  Percent  Hydrofluoric  (HF)  Acid  Method  (Optional) 

1 Solvent  clean  with  MEK.  trichloroethane,  or  other  approved  solvent. 


2.  Abrade  the  surface  thoroughly  with  nylon  abrasive  pads  (M1L-A*‘)962  type  A)  or  400-grit  alumi- 
num oxide  abrasive  paper  to  remove  contaminants 

3.  Dry  wipe  witli  clean  gauze  to  remove  abrasive  residue. 

4.  Moisten  (do  not  saturate)  clean  gauze  with  29f  hydrofluoric  acid  solution.  Wipe  the  abraded  area 
briskly  with  the  pad.  Treat  this  procedure  as  though  the  HF  were  a solvent. 

WARNING;  WEAR  RUBBER  GLOVES  AND  GOGGLES 

WHEN  USING  HF.  IF  SKIN  CONTACT  IS  MADE. 

IMMEDIATELY  FLUSH  WITH  WATER. 

5.  After  the  acid  has  worked  for  1 5 to  30  seconds,  dampen  a clean  gauze  pad  with  clean  water  and 
wipe  the  acid-treated  areas.  Do  not  drag  gauze  through  nontrealed  areas  onto  treated  areas. 

6.  Within  1 5 minutes,  apply  chromate  conversion  coating  (MlL-C-5541 ).  Instructions  for  preparation 
and  application  of  the  conversion  coating  are  given  in  section  4.3.5. 

5.3. 2.4  Solvent  Wipe  and  Abrade*  (Alternate  Method) 

Do  not  use  this  method  without  appropriate  approval.  This  nontank  method  is  used  only  on  areas 
internal  to  the  honeycomb  panel  or  in  areas  where  contamination  of  adjacent  structure  cannot  he 
prevented  if  acid  were  used. 

1 . Solvent  wipe  with  MEK.  trichloroethane,  or  other  approved  solvent. 

2.  Abrade  with  a nylon  abrasive  pad  (MIL-A-99b2  type  A)  or  400-grit  aluminum  oxide  abrasive 
paper. 

3.  Gauze  wipe  to  remove  dust  or  vacuum  olt  dust. 

5.4  TITANIUM  SURFACE  PREPARATION 

Titanium  surfaces  to  be  repaired  shall  be  prepared  with  an  approved  tank  method  or  hand  cleaned 
with  PasaJell  107  as  follows: 

CAUTION. 


*Use  with  approval  only. 
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PasaJell  107  is  Notorious  for  Causing  Severe  Corrosion 
When  it  Has  Been  Allowed  to  Enter  Unsealed  Joints 
and  Recesses.  Carefully  Mask  These  Areas  Prior  to 
Use  of  PasaJell  1 07.  Completely  Flush  the  Areas  to 
Remove  All  Traces  of  PasaJell  107  After  Using. 


I 

I 


1 Sv'lvont  cloan  Ml  K or  oiiuiv;ilonl  solvent  usin>!  clean  elotli 


F 


[ 


I 
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Sami  Mirlaee  with  'Ihurit  nonsilicone  wet  or  ilry  abrasive  paper  to  remove  tbreittn  material 
ami  smlace  I'inisli 

.V  Mask  otr  area  with  lead  Iviil  i>r  polyester  tape. 

NDl  I IH)  NOT  use  a chlortnateil  solvent  such  as  trichloroethane 

to  clean  titanium  because  it  may  cause  hyilronen 
enihrittleinent  Note  restrictions  in  Mil  -b'-.''OOJ. 

4.  Wipe  samled  siirlace  with  a nonchlormatevl  solvent.  Change  cloth  Irequently  until  all  evulence 
ot  samleil  dust  is  removeil. 

5.  ('oat  the  cleaned  area  with  I’asaJell  107.  .Allow  PasaJell  107  to  remain  tor  12  to  In  minutes. 

0.  Rinse  coated  area  with  distilled  or  deminerali/ed  water  to  remove  PasaJell.  Use  blue  litmus 
paper  ti>  check  tor  removal  ol  all  acid  traces.* 

7.  Dry  the  treateil  area  at  room  temperature  or  at  1 ,^tb’  b with  a heat  lamp. 

S,  It  repair  is  not  completeil  ininieiliately . pn’tect  cleaned  surlaces  by  coverinii  with  clean  wrappinj: 

paper,  or  prime  the  area. 

.S.5  MBtRGL.ASS  SURF.\(  fc  PRbPAR.VTION 

riiis  hand  clean  method  lor  glass-labiic-reinlorced  surlaces  is  acceptable  tor  tiberitlass  repairs. 

1.  I ijihlly  abr.iile  with  ISO-^ril  abrasive  paper  or  equivalent. 

2.  Remove  debris  w ith  vacuum. 

-U  Solvent  wipe  clean.  Wipe  surfaces  betore  solvent  evaporates. 

4.  Protect  the  surface  with  wax-free  paper  until  the  assemblv  is  bonded. 

.S.b  ST.AINLI  SS  STEHL  SURFAC  E PREPARATION 

Use  any  approved  tank  or  nontank  process  for  steel  surtace  preparation.  1 he  tollowing  are  suggested 

guides  for  .^OD-series,  Pll,  and  4lKbseries  stainless  steel  surlaces. 

.S.b.l  .UHVSERIES  STAINLESS  STEEL 

Sulfuric  Acid  Pickle 

1.  Appearance  The  surface  of  .UU  and  .HI2  stainless  steels  shall  be  uniformly  etched  and  smut 
removal  on  the  bonding  surface  shall  be  generally  unitorm.  Some  alUiys  (.Do.  .121.  and  7) 
are  inert  to  the  solutions  ami  may  not  etch  uniformly.  I hese  paits  will  etch  heavier  in  scratches 
and  abraded  areas.  I'liis  shall  not  be  cause  lor  rejection. 

*Hlue  changes  to  red  in  presence  of  acul. 


1 


I 

I 


I 


5^24 


Rfslriclions 


r 


( 

if 


I 


;i.  Siilfurii.  Aciil  Pickle  may  lu*  used  on  all  300  series  stainless  steels  lor  struetural  and  non- 
struetural  bonding. 

h.  Parts  shall  be  bonded  or  adhesive  primed  within  .U)  days  after  treatment. 

e.  L'nprimed  parts  that  have  exceeded  the  storage  life  shall  be  processed  in  accordance  with 
paragraphs  4.  .3,  and  only. 


Procedure 

1 . Degreasing-  Oils  and  grease  shall  be  removed  by  vapor  degreasing  or  solvent  cleaning,  \ apor 
degreasing  shall  be  accomplished  using  trichlorocthane  at  188‘’  to  193”  F.  Solvent  cleaning 
shall  be  accomplished  at  room  temperature. 

2.  Alkaline  Cleaning -Parts  shall  be  cleaned  for  5 to  10  minutes,  ( leaning  materials  shall  be  used 
in  accordance  with  the  manufacturer's  recommendations.  Repeat  as  necessary  to  remove  soils. 
I'he  alkaline  cleaning  shall  be  followed  by  thorough  rinsing. 

3.  Etching 

a.  The  parts  shall  be  immersed  in  a solution  of  2.x  to  3.3'”  by  volume  of  sulfuric  acid  in  water. 

b.  The  parts  shall  be  processed  ford  to  8 minutes  at  13.3”  to  143”  F-. 

c.  Timing  shall  not  start  until  gassing  is  evident  on  the  part.s. 

d Parts  shall  be  racked  with  stainless  steel  wire. 

e.  Parts  may  be  immersed  in  the  acid  for  about  one  minute,  then  raised  above  the  acid  for 

approximately  five  minutes  or  until  the  acid  starts  to  react  with  the  steel,  alter  which  they 
are  lowered  into  the  acid  for  the  prescribetl  time. 

f.  Parts  shall  be  rinsed  or  placed  in  the  smut  remover  immediately  alter  removal  trom  the 
etch  solution. 

4.  Smut  Removal  - Excess  smut  shall  be  removed  by  immersing  the  parts  in  a solution  of  sulfuric 
acid  and  sodium  dichromate.  The  solution  shall  be  maintained  at  22  to  28''(  tby  weight) 
sulfuric  acid  and  2 to  3%  (by  weight)  .sodium  dichromate.  Immersion  time  shall  be  1 to  3 
minutes  at  140”  to  1(>0”  F.  I'he  smut  removal  shall  be  followed  by  a thorough  rinse  in  water 
at  room  temperature. 

3.  Final  Rinse  Immerse  the  parts  in  the  final  rinse  for  1 to  3 minutes  at  140”  to  loO”  F'. 

6.  Dry -Parts  shall  be  dried  at  room  temperature  to  ItT)”  F'. 
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5.h.:  C'\RIU)N  sn  I I S and  ^(KVSI  KII  S and  JMI  Sl  AINLl  SS  si  I I I s jj 


l)rv  Abrasive  Blasfinu  '1 

I,  A|>|v,ii.iiii I'  I lu‘  Miit.KV  nImII  Ih’  !.'>>, iii’IcU'Iv  I’I.inIi’iI  .iiuI  ilioro  sluill  tv  iu>  oviili'iiii'  dI  j 

sl.iins  or  I'l.istin):  ri'siihii'.  t 

.1  KosUk'Iiohs 

• Wiili  ilir  lAii-plion  ol\'\fit‘n)i-ls  (Inn  si-ilioiis,  l>i>  Ahr.i^iM'  Hl.isl.  nuis  Ih'  iisoit  to  ; 

prop.ii\'  .ill  I'.iil'on  .nivl  i’ll  slooK  .iiul  401)  sitvs  \l.iinlt‘ss  slooK  tor  I’oinlmii.  j 

• I'.irls  sli.tll  I'l*  l’oiuli\l  or  aillu’siro  prnin-il  \Mlliin  roiir  liotits  atti'i  irrMtiiu'iil. 

I’ronciluro  1 

1.  IH-iruMsini:  Oilsaiul  .uro.iM' sli.ill  I’o  roino\oil  l'\’  v.ipor  lU-invasini;  or  soKoiil  i loanini;.  \'apor 
ilotiriMMiii:  nIkiII  I'o  .Ki-a’tnplolvil  nsiii.u  (rii  liloronlli.ino  at  INS^'  F to  I ‘>4^’  F'.  Solvt'iil  i-liMiiiii); 
sli.ill  I'o  .Kioniplislk-O  .It  room  (ompor.iimn, 

Dr\  m.istini;  Hl.isl  tlu' miH.ko  to  t’o  hoiukal  w ith  St)  i;nl  .ilmniiuim  o\kIo,  Hl.ist  imit'ormh  iisinj: 

St)  to  St)  I’M  I’Kistini:  pro\Miro.  Ailjust  pn.'SMirc  to  prosiilo  .iiloiiiiati.'  cloanine  without  warpini’.  : 

.V  N'.ipor  Doiuoasu  .uul  Solvoiu  1 lush  Suspoiul  tiu'  p.irts  in  tlw  v.ipor  ili.';;i\‘asor  .iml  tiush  .ill  * 

I'l.isioil  surt.KON  «ith  V.I0.IU  trK'liloroothyaiuv  Kopoat  .is  luvi'ssart  to  iviiu’\o  hlastmi;  ivsiiluo. 

( oiuliMisikl  sohoiit  (.ollik  toO  m a stor.iitv’  t.mlv  on  tliu  tloiztv.isur  ni.iv  ho  tisnil. 
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6.0  REPAIR  METHODS.  SMALL 


6.1  GENERAL 

This  section  provides  instructions  for  making  small  repairs  on  bonded  aircraft  structure.  These  are 
typically  used  to  repair  damage  cau.sed  by  punctures,  dents,  scratches,  minor  edge  crushing,  or 
delaminations.  These  repairs  are  essentially  the  “patch  type”  and  are  comparable  to  those  in  the  -3 
T.O.  manuals. 

There  are  restrictions  as  to  the  extent  to  which  this  type  of  repair  can  be  used.  These  are  defined  in 
the  -3  T.O.  manual  for  the  specific  aircraft  model.  These  typically  are  dependent  on  the  extent  of 
the  damage  or  the  additional  weight  that  the  repair  adds  to  the  component.  Violation  of  these  limits 
may  jeopardize  the  .safety  of  the  aircraft  or  significantly  affect  the  vehicle’s  flight  control 
characteristic:?. 

The  repair  methods  that  are  included  here  are,  in  general,  the  best  of  those  that  have  been  reviewed 
in  the  various  aircraft  repair  manuals.  As  such,  substitution  ot  these  methods  can  usually  be  made 
with  either  equal  or  improved  properties.  Certain  practices  in  making  metal  bonded  structure  repairs 
have  been  established  in  this  handbook.  These  are  as  follows; 

1 . Minimum  use  should  be  made  of  fiberglass  for  metal  repairs.  Fiberglass  laminates  may  be 
porous  and  provide  for  ingress  of  moisture  to  the  panel  interior. 

Fiberglass  laminates  have  low  stiffness  when  compared  to  metal,  and  thus  a much  larger  thickness 
of  material  is  required  to  pick  up  equal  load  with  a comparable  strain. 

A fiberglass  patch,  in  some  cases,  may  be  economically  desirable.  An  example  is  when  there  is 
compound  curvature  and  it  is  extremely  difficult  to  form  a metal  patch.  If  a fiberglass  patch  is 
used,  it  should  be  well  sealed.  It  should  have  a minimum  of  three  layers  of  181  cloth  or 
equivalent  (see  sec.  4.5.1,  Fiberglass). 

2.  Moisture  leakage  of  honeycomb  panels  is  a major  cause  of  failure.  All  panels  should  have  a 
bonded  metal-to-metal  seal  around  the  periphery  of  the  repair  area  of  1 inch  minimum  width. 
Patches  over  holes  should  have  a minimum  1 -inch-wide  overlap.  Panels  should  be  leak-tested 
after  the  repair  is  complete. 

3.  The  use  of  mechanical  fasteners  through  honeycomb  core  areas  is  discouraged.  The  area  around 
the  fastener  is  difficult  to  seal  and  corrosion  commonly  occurs.  If  fasteners  through  honeycomb 
are  required,  they  should  be  installed  wet,  i.e.,  in  holes  prefilled  with  wet  sealant.  Installation 
should  be  as  specified  in  MlL-S-81733. 

4.  The  procedure  recommended  for  repairing  delaminations,  in  general,  is  to  remove  and  replace 
the  skin  locally  in  the  delaminated  area.  Delaminations  are  quite  commonly  the  result  of 
improper  surface  preparation  or  surface  contamination.  If  the  delamination  is  at  an  edge,  the 
surfaces  have  undoubtedly  become  dirty  or  at  least  lightly  corroded.  Injecting  an  adhesive  into 
the  area  without  properly  preparing  the  surface  is  not  recommended. 


5.  It  is  preferred  that  a honeycomb  core  plug  be  used  to  replace  removed  core  rather  than  potting. 
Potting  is  heavier  and  may  subsequently  cause  failure  to  occur  because  of  the  local  stiffness. 
Potting  of  this  type  may  be  used  in  certain  noncritical  areas  for  expediency.  This  is  subject  to 
approval  of  responsible  maintenance  personnel. 

6.  Bare  rather  than  clad  aluminum  should  be  used  for  the  bonded  repair  details  because  of  the 
superior  durability  of  the  bare  bonded  surface.  The  exterior  of  the  metal  should,  subsequently, 
be  protected  using  approved  coating  procedures. 

7.  All  detail  parts  making  up  a repair  assembly  should  be  prefit  prior  to  bonding  to  ensure  proper 
mating  of  the  bond  interfaces. 

6.1.1  COMMON  ERRORS  AND  PROBLEMS-CAUSES  AND  RESULTS 

In  the  repair  of  bonded  structure,  there  are  often  repeated  errors  that  result  in  the  majority  of 
difficulties.  Some  of  these  are  listed  below.  A special  effort  should  be  made  to  avoid  these  particular 
problems. 

1.  Failure  to  precisely  follow  surface  preparation  instructions  and  subsequent  contamination  of 
the  surface  prior  to  bonding-The  results  are  a weak  bond  and  bond  surfaces  that  are  easily 
corroded. 

2.  Mechanical  damage  to  the  surrounding  structure  during  repair-Much  of  the  honeycomb  structure 
is  quite  fragile  and  must  be  protected  during  the  repair  procedure.  Common  damage  is  caused 

by  clamping  parts  for  machining  operations,  by  bumping  with  work  stands,  by  dropped  tools, 
or  by  walking  on  the  honeycomb  panel  surface. 

3.  Poor  fit-up  of  details-A  mismatch  of  detail  parts  can  result  in  inadequate  pressure  on  the  bond- 
line during  cure.  The  result  is  a porous  and  weak  bond. 

4.  Use  of  out-dated  materials-The  results  are  weak  metal-to-metal  bonds  and  lack  of  fillets  on  the 
honeycomb  core. 

5.  Failure  to  bring  refrigerated  materials  to  room  temperature  before  opening-The  material 
accumulates  moisture  due  to  condensation.  The  result  is  a weak  and  porous  bond. 

6.  Poor  repair  design-The  design  must  provide  for  an  adequate  peripheral  seal.  The  use  of 
countersunk  fasteners  in  thin  skins  presents  a common  source  of  skin  cracking  and  corrosive 
delamination. 

6.1.2  FABRICATION  OF  SMALL  HONEYCOMB  CORE  DETAILS 

This  section  provides  a description  of  cutting  procedures  that  can  be  used  to  fabricate  core  details 
for  the  small  repairs  described  throughout  section  6.0.  These  procedures  employ  the  use  of 
portable  table  top  routing  equipment  and  accessories.  These  can  be  conveniently  used  to  make 
transverse  cuts  through  the  core  such  as  are  required  for  recesses,  tapers,  steps,  or  thickness  changes. 
Vertical  cuts  can  be  made  with  a core-cutting  knife. 
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I ho  eiiuipinent  and  procedures  are  brielly  illustrated  here.  A more  precise  identification  of  the 
equiptnenl  is  jiiven  in  section  S.O.  The  fabrication  of  core  details  for  larj>e  repairs  are  given  in 
section  7.0. 

Flat  Cutting 

Doubler  recesses,  edge  steps,  or  overall  reduced  thickness  may  be  accomplished  with  the  slicing 
et|iiipmenl  shown  in  figure  6-1.  The  core  is  fed  into  t!ie  rotation  ol  the  cutter.  A lence  may  be  set 
up  to  guide  the  edge  of  the  core. 


.Angle  Cutting 

The  cutting  of  angle  edges  on  tapered  wedges  may  be  conveniently  accomplished  with  a core -slicing 
angle  plate  as  shown  in  figure  6-2.  The  plate  is  shown  being  adjusted  to  the  desired  angle. 

Honeycomb  core  being  cut  along  the  edge  is  shown  in  figure  6-3.  The  core  has  been  attached  to  the 
angle  plate  with  double-backed  tape.  Other  methods  may  be  used  where  greater  attachment  strength 
is  required  (refer  to  sec.  7.6.2,  Processing  of  Honeycomb  Core). 
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6.2  REPAIR  OF  SCRATCHES.  SKIN  SURFACE 


Two  types  of  repair  are  presented.  The  first  type  covers  the  repair  of  a light  scratch  where  the  scratch 
depth  and  length  do  not  significantly  degrade  the  skin  strength.  For  clad  aluminum,  the  scratch  does 
not  penetrate  through  the  protective  cladding.  The  repair  procedure  for  this  case  involves  smoothing 
the  surface  and  restoring  the  protective  metal  finish. 


A second  type  of  repair  is  provided  for  deep  or  clad-penelrating  scratches.  This  requires  the  use  of  a 
bonded  metal  patch  to  restore  the  skin  strength  and  to  more  effectively  protect  the  surface. 

These  methods  should  not  normally  be  used  to  repair  scratches  that  penetrate  the  skin.  Repair  of 
this  type  is  accomplished  by  removing  the  damaged  area.  The  panel  interior  is  then  inspected  for 
moisture  and  internal  corrosion.  The  area  is  subsequently  repaired  by  the  method  used  for  holes 
(sec.  6.4  or  6.5).  An  exception  is  where  the  skin-penetrating  scratch  is  repaired  immediately  and  it 
is  known  that  no  moisture  has  entered  the  panel  interior.  In  this  case,  the  method  for  deep  scratches 
(sec.  6.2.2)  may  be  used. 

During  the  repair  activity,  give  special  attention  to  the  following  items: 

WARNINGS:  OBSERVE  ALL  LOCAL  SAFETY  PRECAUTIONS 

AND  THOSE  DESIGNATED  IN  SECTION  1.3. 

DO  NOT  ALLOW  CONCENTRATED  MIXTURES 
OR  SOLUTIONS  TO  COME  IN  CONTACT  WITH 
SKIN  OR  CLOTHING.  IN  CASE  OF  ACCIDENTAL 
CONTACT,  IMMEDIATELY  WASH  OFF  WITH 
GENEROUS  AMOUNTS  OF  CLEAN  WATER. 
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WARNING;  ALWAYS  WEAR  EYE  PROTECTION  DEVICES 
AND  RUBBER  GLOVES  WHEN  HANDLING 
ACIDS  AND  SOLUTIONS. 


6.2.1  I IGHT  SCRATCHES 

The  follDwinj!  lists  imiicale  the  types  of  material  ami  equipment  required.  Refer  to  section  4.2  for 
the  specific  identification  and  application  instructions  for  materials.  Refer  to  section  S.O  for  more 
detailed  information  concerning  tools  and  equipment. 

Materials 
C'austic  soda 

C'heesecloth.  bleached.  4-ply  pads 
C'hromate  conversion  coating  solution 
('leaner,  alkaline 

Cloth,  rumple,  purified  polishing  fabric 
Paint,  finish 

Solvent,  nonchlorinated  (for  titanium) 

Solvent,  cleaning 

Tape,  aluminum  foil  0.004  (for  aluminum) 

Tape,  lead  foil  (for  titanium) 

Tape,  masking,  hi-temp 
Tape,  plastic  film,  nylon 
Water,  distilled  or  demineralized 

Tools  or  Equipment 

Abrasive  pads,  nonwoven,  nylon 

Abrasive  cloth  or  paper,  wet  or  dry,  ISO,  220,  .120,  and  400  grit,  aluminum  oxide 
Brush,  acid,  3/H-  by  1-inch 
Burnishing  tool,  metal  or  plastic 
Containers,  mixing,  polyethylene 

Emery  cloth,  150,  320,  and  500  grit,  aluminum  oxide  (for  titanium) 

Gloves,  white  cotton  fiber 
Gloves,  rubber  or  neoprene,  surgeons' 

Knife,  pocket 
Micrometer,  depth 
Rod.  mixing,  metal  or  plastic 
Safety  glasses  or  shield 

Light  Scratches  in  Aluminum 

1.  Mask  the  area  around  the  scratch  with  aluminum  foil  or  polyester  tape  to  prevent  further 
damage  and  to  contain  the  chemicals  or  acids  used  during  the  repair.  Refer  to  figure  0-4. 
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Scratch 


Masking  tape 


Figure  6-4. -Application  of  Masking  Tape  Prior  to  Surface  Cleaning 


2.  Place  a drop  of  caustic  soda,  table  4-4,  on  the  clad  aluminum  skin.  If  the  scratch  has  pene- 
trated the  clad  surface,  the  base  material  will  appear  black.  If  the  clad  has  been  penetrated 
proceed  with  the  method  described  in  section  6.2.2. 

CAUTION’  DO  NOT  Allow  the  Solution  to  Contact  the 
Previously  Cured  Adhesive 

3.  Remove  soda  with  a cheesecloth  moistened  with  alkaline  cleaner.  Rinse  the  area  thoroughly 
with  water.  Check  area  with  red  litmus  paper  to  ensure  that  all  caustic  has  been  removed.  Rerinse 
if  neces.sary  (red  turns  blue  in  pre.sence  of  alkali). 

4.  Remove  burrs  from  the  skin  surface  along  the  scratch  using  .)20-  or  40()-grit  abrasive  paper, 
fake  care  not  to  penetrate  the  cladding  during  rework. 

5.  Using  .‘'00-grit  wet  or  dry  abrasive  paper,  abrade  scratch  until  scratch  is  completely  removed 

and  a smooth  transition  exists  from  skin  outer  surface  to  the  abraded  depth  of  the  smoothed  area. 

6.  Recheck  for  clad  penetration  and  measure  depth  and  length  of  the  smoothed  area.  Compare 
with  repair  limitations  specified  in  the  applicable  aircraft  -.3  T.O.  manual.  It  the  removeu 
material  exceeds  the  T.O.  limitations,  repair  per  the  method  in  section  6.2.2  should  be 
considered.  The  presence  of  exce.s,sive  scratches  may  re<niirc  skin  replacement. 


7.  ( loan  ttio  snioolhoil  aroa  iisiiif;  a ohoosoclolli  pail  inoistonoil  with  oloaninj:  solvonl. 


NOTE;  Once  (he  cleaning  procedure  Marts,  DO  NOT  TOUCH 
with  hare  hands  oi  contaminate  any  surface  to  in* 
filled,  coated,  or  bonded. 

S.  Dry  tlio  aroa  using  clean,  dry  clioosecloth. 

0,  I'inish  surl'aco  per  section  4.3.7  and  the  applicable  aircraft  I' O. 

Light  Scratches  in  Titaninni 

1 . Mask  the  area  around  the  scratch,  using  lead  foil  or  polyester  tape  to  prevent  further  damage 
and  to  contain  the  chemicals  or  acids  used  during  the  repair.  Refer  to  figure  (v4. 

1 flsing  I .^0-.  .120-.  and  .s()()-gril  aluminum  oxide  emery  cloth,  remove  any  burrs  from  the  skin 
surface  along  the  scratch  area. 

Smooth  until  scratch  is  completely  removed  and  a smooth  transition  exists  from  the  skin 
outer  surface  to  the  sanded  depth  of  the  smoothed  area. 

3.  Measure  the  maximum  depth  and  length  of  the  smoothed  area,  ('heck  scratch  linnt.s  (or  the 
appropriate  skin  gage  in  the  applicable  aircraft  -3  T.O.  If  limitations  are  exceeded,  (he  damage 
may  be  repaired  by  the  method  desigmited  in  section  (i.2.2.  The  presence  of  excessive  scratches, 
however,  may  require  skin  replacement. 

4.  If  the  damage  is  within  repairable  limits  for  light  scratches,  clean  smoothed  area  using  cheesecloth 
moistened  with  nonchlorinated  solvent. 

NOTE:  Once  the  cleaning  procedure  starts,  DO  NOT  touch 

with  hare  hands  or  contaminate  any  surface  to  Ite 
filled,  coateil,  or  bonded. 

5.  Dry  area  using  clean  dry  cheesecloth. 

b.  Finish  surfaa'  per  section  4.3.7  and  applicable  aircraft  T.O. 

6.2.2  DEEP  SCRATCHES.  ALUMINUM  AND  TITANIUM 

I'he  following  lists  indicate  the  types  of  material  and  ei|uipment  that  are  reiiuired  for  the  repair  of 

deep  scratches.  Refer  to  section  4.2  and  .S.O  for  the  specific  identification,  preparation,  and  applica- 
tion instructions  for  the  materials.  Refer  to  section  S.O  for  more  detailed  information  concerning 

tools  and  equipment. 
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Materials 


Adhesive,  film 

Aluminum  sheet 

Aerodynamic  smoother 

Cheesecloth,  bleached,  4-ply  pads 

Chromate  conversion  coating 

Cleaner,  alkaline 

Caustic  soda 

Cloth,  bleeder 

Cloth,  fiberglass,  ISl  fabric 

('loth,  rumple,  purified  polishing  fabric 

Film,  release 

Film,  vacuum  bagging 

Paint,  finish 

Primer,  adhesive 

Primer,  aerodynamic  smoother 

Putty,  vacuum  seal 

Solution,  surface  preparation 

Solvent,  cleaning 

Tape,  aluminum  foil  0.004  (for  aluminum) 

Tape,  lead  foil  (for  titanium) 

Tape,  masking,  hi-temp 
Tape,  plastic  film,  nylon 
Titanium,  sheet 

Water,  distilled  or  demineralized 

Tools  or  Equipment 

Abrasive  pads,  nonwoven,  nylon. 

Abrasive  cloth  or  paper,  wet  or  dry,  180,  220,  320,  and  400-grit  aluminum  oxide 
Asperator,  vacuum 

Air  supply,  90  to  100  psi  (w/pressure  regulator,  filter,  and  oil  trap) 

Blanket,  insulation 
Blanket,  heater,  electric 
Bru.sh,  acid,  3/8-  by  1-inch 
Brush,  paint,  short  bristle,  1-1/2-inch 

Cloth,  emery,  150,  320,  and  400  grit,  aluminum  oxide  (for  titanium) 

Containers,  mixing,  polyethylene 

Controller,  electrical,  Variac  or  power  stat,  adjustable,  ac 
Drills,  assorted  sizes 

Drill  motor,  pneumatic  or  electric  (explosionproof  in  fuel  areas) 

Fillet  gun,  sealant 
Fly  cutter 

Gage,  air  pressure,  100  psi 
Gage,  vacuum,  32  in.  Hg 
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(ilovi-s,  insiilatiii)! 

Cllovos,  wliiti'  cotton  fiber 

(jIovcs,  rubber  or  ueopreire,  siirneons’ 

Hose,  vacmiiu  w/fittiugs 
Knil'e,  pocket 
Micrometer,  ileptli 
Micro  stop,  drill 
Pen,  ink  marking 

Power  supply,  1 1 5 volt,  60  cycle,  ac 

Pressure  plate,  0. 1 25-  and  0.250-inch  aluminum 

Probes,  vacuum,  connector 

Pyrometer,  0^’  to  400^'  F,  automatic  recording 

Router  motor,  pneumatic  or  electric  (explosionproof  for  fuel  areas) 

Router  templates 
Safety  glasses  or  shield 

Saw,  reciprocating,  pneumatic  or  electric  (explosionproof  for  fuel  areas) 

Scribe 

Tin  snips,  metal  cutting 
Vacuum  source 

Wire,  thermocouple,  type  J or  equivalent 
Repair  Procedure  for  Deep  Scratclies 

1.  l.ocate  center  of  scratch  and  with  an  ink  pencil  mark  coordinate  lines  parallel  and  transverse  to 
the  scratch  to  index  the  scratch  center  (see  fig.  (v5). 

2.  Mask  the  area  around  the  scratch  (o  contain  chemicals  and  to  prevent  further  damage  during 
rework.  Use  aluminum  foil  or  polyester  tape  for  aluminum  and  lead  foil  or  polyester  tape  for 
titanium. 

3.  Remove  burrs  and  blend  with  adjacent  surface  using  220-  to  320-grit  abrasive  cloth  or  nylon 
abrasive  pads  per  MH.-A-d‘>o2  type  A for  aluminum  and  fine  aluminum  oxide  emery  cloth  for 
titanium. 

4.  Determine  the  depth  and  size  of  the  smootheil  area. 

5.  Determine  the  size  of  the  metal  overlay  patch  as  shown  in  figure  6-6.  I'he  thickness  of  the 
patch  should  be  equal  to  or  slightly  greater  than  the  smoothed  area  depth.  It  should  be  of  the 
same  alloy  as  the  skin. 

6.  Prepare  the  metal  overlay  patch.  Add  coordinate  lines. 

7.  Prepare  the  surface  of  the  repair  area  and  one  surface  (unbeveled  side)  of  (he  overlay  patch  (or 
bonding  per  instructions  outlined  in  section  5.3.  Observe  special  notes  to  keep  the  cleaneil 
surface  free  from  contamination. 
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Figure  6-5.— Marked  Coordinate  Lines  for  Centering  Patch  Plate  Over  Scratch 

NOTH:  IX)  NOr  allow  tho  surlaa'  proparation  solution>  to 

contact  the  previously  cuicil  ailhesoe. 

Once  the  cleaning:  procciliirc  starts.  DO  NOI  lOl't  II 
with  hare  hanils  or  cr>t)taminate  an>  snriace  to  he 
rilled,  coated,  or  hondeil. 

ir  the  repail  is  not  continued  within  2 hours 
folhiwing  cleaniii);.  the  cle.ined  areas  shall  he  covereil 
using  clean  Kraft  paper. 

Select  the  appropriate  primer  and  adhesive  per  instructions  in  section  4.2.1. 

NOl'H : White  cotton  lintless  gloves  shall  he  worn  w hen 

handling  the  adhesive. 

.\pply  primer  to  the  repair  area  and  cleaned  side  of  the  overlay  patch.  Cure  the  primer  per 
instructions  in  section  4.,H  I. 


Cut  a piece  of  adhesive  film  the  same  .si/e  as  die  metal  overlay  patch. 


I S.  Apply  aerodynamic  smootlicr  around  the  patch  plate  per  section  4.3.6. 

16  Finish  the  external  surface  per  section  4.3.7  and  the  applicable  aircraft  T.O. 

6.3  DENTS,  SKIN  SURFACE 

These  methods  apply  to  dents  that  do  not  contain  cracks.  Dents  containin}:  cracks  should  be  repaired 
by  methods  used  for  holes  (see  sec.  6.4  or  o.-'i).  Other  limitations  apply  that  are  designated  in  the 
specific  aircraft  model’s  T.O.  manual.  It  is  cautioned  that  dents  that  are  not  covered  by  T.O.  repair 
requirements  may  still  signillcantly  reduce  structural  capability.  Additional  {midance  concerniii}: 
criteria  for  dent  repair  should  be  obtained  from  the  responsible  engineering  authority. 


During  the  repair  activity,  give  special  attention  to  the  following  items: 

WARNING:  OBSERVE  LOCAL  SAFETY  PRECAUTIONS 

AND  THOSE  DESIGN  ATED  IN  SECTION  1.3. 

DO  NOT  ALLOW  CONCENTRATED  MIXES 
OR  SOLUTIONS  TO  COME  IN  CONTACT  WITH 
SKIN  OR  CLOTHING.  IN  CASE  OF  ACCIDENTAL 
CONTACT,  IMMEDIATELY  WASH  OFF  WITH 
GENEROUS  AMOUNT  OF  CLEAN  WATER. 

ALW  AYS  WEAR  EYE  PROTECTION  DEVICES 
AND  RUBBER  GLOVES  WHEN  HANDLING 
ACIDS  AND  SOLUTIONS. 
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The  followinii  lists  imlicate  the  types  of  materials  and  equipment  required.  Refer  to  section  4.2  for 
specific  information  and  application  instructions  for  materials.  Refer  to  section  8.0  for  more  detailed 
information  concerninf!  tools  and  equipment. 

Materials 

I 

Aerodynamic  smoother 
Cheesecloth,  hleached,  4-ply  pads 
Chromate  conversion  coating 
Cleaner,  alkaline 

; Cloth,  rumple,  purified  polishing  fabric 

Paint,  finish 

Paper,  Kraft,  wrapping,  wax-free 
Potting  compound,  core  and  tient  filler 
Primer,  aerodynamic  smoother 
Solution,  surface  preparation 
^ Solvent,  cleaning 

j Tape,  aluminum  foil  0.004  (for  aluminum) 

i I Tape,  lead  foil  (for  titanium) 

f fape,  masking,  hi-temp 

I Tape,  plastic  film,  nylon 

! Water,  distilled  or  demineralized 

[ Tools  or  Equipment 

Abrasive  pads,  nonwoven,  nylon 

Abrasive  cloth  or  paper,  wet  or  dry,  180,  220,  320,  and  400  grit,  aluminum  oxide 
Air  supply,  ^>0  to  100  psi  (w/pressure  regulator,  filter,  and  oil  trap) 

Brush,  acid,  3/8-  by  1-inch 
Brush,  paint,  short  bristle,  1-1 /2-inch 
Containers,  mixing,  polyethylene 

Emery  cloth,  I 50,  320,  and  400  grit,  aluminum  oxide  (for  titanium) 

Fillet  gun,  sealant 
Gloves,  heal  insulating 
Gloves,  white  cotton  fiber 
Gloves,  rubber  or  neoprene,  surgeons' 

Heat  lamps,  200  to  350  waft  (explosionprooO 

Knife,  putty 

Knife,  pocket 

Micrometer,  depth 

Pen,  ink  marking 

Power  supply,  1 1 5 volt,  60  cycle,  ac 

Pyrometer,  0‘'  to  400^’  F,  automatic  recording 

Safety  glasses  or  shield 

Spatula,  wood  or  metal 

Vacuum  cleaner,  industrial  or  hand-type 

Wire,  thermocouple,  type  J or  equivalent 


! 

i 

1^ 


II 


I 
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6.3.1  REPAIR  PROCEDURES  FOR  DENTS 


1. 


I 


3. 


4. 


6. 

7. 

8. 
i). 

10. 

II. 


1 

I 

!! 


Locate  the  center  of  the  ilama^teil  area  and  with  ai\  ink  pen  mark  coordinate  lines  which, 
if  extended,  would  pass  through  the  center  of  the  damaged  area 

Mask  off  an  area  approximately  inches  beyond  the  damaged  area  to  prevent  turther  damage 
and  to  contain  any  chemical  or  acid  used  during  the  repair.  Use  aluminum  foil  or  polyester  tape 
for  aluminum  skins  or  lead  foil  or  polyester  tape  for  titanium  skins. 

I'sing  220-.  .3  20-,  or  400-grit  abrasive  paper  or  n\  Ion  abrasive  p.uls  lor  aluminum  or  .320-  or 

400  grit  aluminum  oxide  emery  cloth  for  titanium,  abrade  the  dented  area  lightly  until  a high  luster 

is  obtained. 

Clean  the  dented  area  (vr  instructions  for  I'ondmg  in  section  .*',.3. 

C.-VUTION:  Once  the  t'leaning  Procedure  Starts,  DO  NOT 

TOUCH  With  Bare  Hands  or  Contaminate  .Any 
Surface  to  Be  Filled,  Coated,  or  Bonded. 

IK)  NOT  Allow  Solution  to  Enter  The  Asseinhlv 
or  Contact  the  Previously  Cured  Adhesive 

.Apply  primer  if  reiiuired,  on  the  prepared  surtace,  per  section  4. .3. 1 

C.AUTION;  Primer  Should  Be  .Applieo  Within  2 Hours  After 
the  Dented  .Area  is  Cleaned. 

Primer  Must  Be  Smoothed  Prior  to  Cure 


.Apply  aerodynamic  smoother  to  ilent  (per  sec.  4. .3. 6)  to  return  area  to  skin  contour. 

Remove  protective  tape  from  area  around  repair. 

Locate  thermocouples  adjacent  to  the  repair.  Secure  in  place  with  nylon  or  polyester  tape. 

Cure  aeroilynamic  smoother  per  instructions  in  table  4- .3  or  m.inulacturer’s  mslriictiims. 

Sand  smoothed  area  with  .3  2(1-  or  4t)0-grit  abrasive  cloth  or  fine  emerv  cloth  to  improve  surface 
contour  and  smoothness  (refer  to  step  .3  above). 

Finish  external  surface  per  section  4,.3.7  and  applicable  aircraft  l.O. 
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OK  SOI  in  IONS  10  I OMl  IN  I ON  l Al'l  WITH 
SKIN  OK  t lOI  IIINO.  IN  ( ASl  OK  Al  t IDKN  I Al 
l ONl  U 1.  IMMl  DI  AH  I V W ASH  OI  L WITH 
A r.KNKKOl'S  AMOl'N  I 01  I LK. AN  W A 1 KK. 


Al  W AYS  Wl  \K  I YK  I'KOI  l l l lON  DKV  K KS 
AND  Kl'HBl  K OlOVKS  WHI  N H ANDl  INC 
XI  IDS  AND  SOI  I' HONS. 

II  HH  KIT’ AIK  IS  IN  A IT'LL  T ANK  AKL  A 
ITU  IT'Ll  I XNK  I’KKSSl'KK  SH  Al  l BL 
KIT  II  VKD  I’KIOK  TO  ST  AKTTNC  ITU  KLBAIK 
OBSI  KX  L OHIKK  I’KLC  ACTION  AKY  I’RO- 
IKDI'KLS  AS  DKSU'.N  AH  D BY  HH  SAKLTY 
OKKIt  KK 


1 tie  follow  mi;  lists  nuluate  tlie  t\  pes  ot  materials  aiul  ei|m('meiil  re.iimvil  Keter  to  seetion  4.:  toi 
speeilie  inronnation  aiul  applieatioii  iiisiriu  tioiis  tor  materials  Ketei  to  seetion  ST)  lor  more 
iletaileil  inloi ination  eoneernmi;  tools  aiul  enun'iiieiit.  Kelei  to  seetion  ID.l'  tor  NDl  reumrements. 


Materials 

Ailliesive,  filiii 
Xliiinmiini  sheet 

I'heeseeloth,  hleaeheil.  4 plv  pails 
ITiromale  eoiiversion  eoatiiii; 
iTeaner,  alkaline 
Ctofti,  hleeilei 

(Toth,  vuniple,  piirit'ieil  polishing  fahrie 

L'llm,  release 

ITlm.  v.ieinini  haKitmi: 
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Paint,  finish 

Paper,  Kraft,  wrapping,  wax-free 
Primer,  adliesive 
Putty,  vacuum  seal 
Sealant 

Sulution,  surface  preparation 
Sidvent,  cleaning 

Tape,  aluminum  foil  0,004  (for  aluminum) 

Tape,  double-hacked 
Tape,  lead  foil  (for  titanium) 

Tape,  masking,  hi-temp 
Tape,  plastic  film,  nylon 
l itanuirn,  sheet 

Water,  distilled  or  demineralized 
Tools  or  Equipment 
••Xbrasive  pads,  nonwoven,  nylon 

.\brasive  cloth  or  paper,  wet  or  dry,  ISO,  220,  .)20,  and  400  grit,  aluminum  oxide 
.\ir  supply,  00  to  100  psi  (w  pressure  regulator,  filter,  and  oil  trap) 

Blanket,  insulation 
Blanket,  heater,  electric 
Brush,  acid,  3'S-  by  1-inch 
Brush,  paint,  short  bristle,  1-1  ''2-inch 
Containers,  mixing,  polyethylene 

Controller,  electrical,  Variac  or  power  stat,  adjustable,  ac 
Drills,  assorted  sizes 

Drill  motor,  pneumatic  or  electric  fexplosionproof  in  fuel  areas) 

Emery  cloth,  1 50,  320,  and  400  grit,  aluminum  oxide  (for  titanium) 

Fillet  gun,  sealant 
F'ly  cutter 

Cage,  air  pressure,  100  psi 

Gage,  vacuum,  32  in.  Hg 

Gloves,  heat  insulating 

Gloves,  white  cotton  fiber 

Gloves,  rubber  or  neoprene,  surgeons' 

Heat  lamps,  200  to  350  watt  (explosionproof) 

Hole  saw  assembly 
Hose,  vacuum  w,  fittings 
Knife,  putty 
Knife,  pocket 
Micro  stop,  drill 
Pen,  ink  marking 

Power  supply,  1 1 5 volt,  oO  cycle,  ac 

Probes,  vacuum,  connector 

P\  rometer,  0‘’  to  400‘’  F,  automatic  recording 


Router  bits,  as,sorted  sizes 

Router  motor,  pneumatic  or  electric  (explosionproof  for  fuel  areas) 

Router  templates 

,Safety  jilasses  or  sliiekl 

Spatula,  wood  or  metal 

1 in  snips,  metal  cutting 

Vacuum  cleaner,  industrial  or  hand-type 

Vacuum  source 

Wire,  thermocouple,  type  J or  equivalent 

6.4.1  REPAIR  PROCEDURES  FOR  A HOLE  IN  ONE  SKIN  OR  DELAMINATION.  NO  CORE 
DAMAGE 

U.se  the  following  repair  procedures. 

1 . Locate  the  center  of  the  damaged  area  and  with  an  ink  pencil,  draw  coordinates  which,  if 
extended,  would  pass  through  the  center  of  the  damaged  area  (see  fig.  6-8). 

2.  Mask  the  area  around  the  repair  area  to  prevent  further  damage  during  rework.  Use  alumimim 
foil  or  polyester  tape  for  aluminum  and  lead  foil  or  polyester  tape  lor  titanium. 


Figure  6-8. -Marked  Coordinate  Lines  for  Centering  Patch  Over  Hole  or  Delamination 
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.V  Romovi'  till'  skin  a inininuiin  old. 25  iiiih  I'i'N'oikI  tlio  oilgf  ol  Ilii'  ilainaitoil  iir  lii'laininali'il  aiva. 
I'si'  a i-aihiik'-tippi'i!  iiitli'i  I'nr  lilaiiiiim.  milil  sti'cl  for  aluniiiuim.  Noto  tliat  a cinnlar  cut  is 
usually  the  easiest  to  make  where  it  is  applicahle. 

C’Ain  iON:  IH)  NOT  Cut  riiruujtli  the  Adliesive  Layer  between 

the  Skin  ami  ( ore. 

•t.  Keiiune  the  ilamapeil  portion  of  the  skin  or  the  portion  ot  the  skin  coverint;  the  ilelaminateil 
area.  Coolini:  with  ilr\  ice  may  lacilitate  removini:  the  circular  piece.  He  caretul  ni't  to  liamafie 
the  core. 

5.  ir  the  eil.ee  of  the  skin  patch  comes  olYnuite  easily,  iiulicatini:  a poor  hoiul.  the  hole  si/e  shoiiKl 
he  enlariteil.  This  can  he  ilone  In  reattachmj;  the  skin  patch  with  ilouhle-hackeil  taiie  ami 
selectinj;  a laiyzer  iliameler  cutter.  1 he  maximum  hole  si/e  limits  are  stipulateil  in  the  applicahle 
.lircral't  1 ().  manual,  l or  laiyrer  areas,  the  er'  skin  sluniUl  he  renuneil  aiul  replaceil  per 
section 

NOI  h . , Alter  the  skin  is  removeil.  ,iiul  if  there  is  core  ilamaiie, 

make  the  repair  per  section  (uo.  It  the  core  is  not 
ilamafreil.  continue  w ith  this  procedure. 

Inspect  tor  moisture  and  corrosion.  H moisture  or 
corrosion  is  present,  its  extent  must  he  determineil  and 
it  must  he  removed.  It  the  repair  .irea  is  contaminated 
with  I'uel  or  hxilraulic  Iluid.  use  Ml  K or  another 
suitahle  solvent,  and  a hriish  to  clean.  He  sure  the  area 
Is  tree  Irom  contamination  .iiul  dr\  hetore  procecdini; 
with  the  repair. 

t>.  l ahricate  the  metal  details.  Make  a phij;  and  cover  plate  I'rom  aluminum  or  titanium  sheet 
stock.  I hese  shall  he  the  same  thickness  .iiul  allox  as  the  sandwich  skin. 

a.  netermine  the  alloy  of  the  sandwich  skin  from  the  \ .O.  manual. 

h.  netermine  the  thickness  of  skin  from  the  applicahle  aircraft  -.1  I'.O.  manual  or  h\ 
“mikmg”  the  removed  skin  plu;;. 

c.  Cut  the  pint:  to  snutily  fit  into  the  skin  hole. 

d.  Cut  the  coxer  plate  of  si/e  to  provide  a sufficient  bond  overlap.  I'lie  diameter  of  the 
cover  plate  shall  he  a minimum  of  2.1)  inches  jireater  than  that  of  the  hole  or  as  speed ied 
h\  the  responsible  en>;ineerins  authority. 

e.  If  the  aluminum  or  titanium  exceeds  t).025  inch  in  thickness,  the  cixver  plate  edpe  shall 
he  beveled  per  figure  o-‘i. 

f.  Dsinn  an  ink  pencil,  dr.ixx  coordinate  lines  throu^th  the  center  of  tapered  side  ot  cover 
plate  tfii:.  ('  10). 
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Figure  6-9.— Beveled  Edge  of  Patch  Plate 


Cover  plate 


Figure  6- 10.  -Beveled  Patch  Plate  With  Coordinate  Lines 


1.  Mask  llu'  liolo  in  llio  skin  with  tape  to  provont  irnilaininalion  ilinin};  sloanin^  ol  tlio  skin 

surlaoi'.  Use  alinnininn  Toil  or  polyostor  tapo  on  aUnnimnn  skins  aiul  loail  toil  or  poh  oslor  lapo 
on  lilaninin  skins.  Wlion  oowrinp  Iho  ooro.  oxorlap  lIu'  skin  sniraii'  O.OiiO  * O.OJO  iiulu's.  Son 
I'ijinro  (r-1 1.  Similarly  mask  aromul  iIk‘  fiitont.  leaving  ilk'  area  eloar  llial  svill  be  eleaneil  lor 
boiulini:  llie  paleli  plate. 

S.  Remove  any  organie  I'inisli  from  the  snrl'aee  of  the  repair  area  nsiii):  IStl-init  abrasive  eloth. 
Seeomlly.  saml  the  area  to  a satin  finish  with  a 4tK)->:rit  abrasive  eloth  or  fine  emer\’  eloth. 
Nylon  abrasive  pails  ina\'  be  nseil  to  polish  the  snrfaee  of  the  almninmn. 

Prepare  the  snrfaee  of  the  eore  ami  the  skin  area  to  be  bomleil  per  instrnetions  onllineil  in 
seetion  .■>.().  Ho  not  remove  the  eoonlinate  lines. 

CAUTION:  Once  (he  Cleanini*  Proeeiinre  Slarls,  IK)  NOT 

TOUCH  With  Hare  Hands  or  Contaminate  .Any 
Surface  to  He  I'illed,  Coated,  or  Honded. 

DO  NOT  .ALLOW  the  Solutions  to  Lnter  the 
.A.vseinhly  or  Contact  the  Previously  Cured  Adlresive. 

10.  Clean  both  sides  of  the  metal  pluji  and  one  side  of  the  eover  idate  (opposite  the  bevel).  .A.aain 
observe  speeial  notes  repardinj:  tonehint:  the  cleaned  surfaces. 
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Masking  tape 


Masking  tape 


0.062  *0.020  in. 
tape  overlap 


Figure  6- 1 1.  —Application  of  Masking  Tape  Prior  to  Surface  Cleaning 


NOri'.  U tlu'  ropair  is  not  atnlimu'il  williiii  2 lioiirs  rolKtvvinsi 
cli'aitiitu,  tlip  fUMnoil  area  sltall  bo  oovoroil  witli  oloan 
wax-froo  Kral't  papor. 

1 1.  .\pply  printor  ami  ailhosivo.  I’t'sitittii  llio  skin  pliift  ami  oovor  plalo  litr  bomlinn. 

a.  Apply  applicahlo  primor  to  skin  area,  pins*  ami  cover  plate  per  section  4..t.  1.  ( tire  as 
retjnireii. 

NOl'H;  Wliite  cotton,  lintless  jiloves  shall  be  worn  when 
hamllinp  adhesive. 

b.  Remove  the  required  adhesive  from  storage  and  observe  precaiitionarv'  note  (sec.  1.2..''>. 

Do  not  touch  the  adhesive  with  bare  hands. 

c.  ('lit  two  adhesive  ilisks.  the  same  diameter  as  the  cover  plate  and  plug.  See  sections  4.2 
and  4..^. 

d.  Place  exposed  side  of  the  larger  adhesive  ilisk  on  the  clean  side  of  the  ctiver  plate.  Place  the 
other  disk  on  either  side  of  the  plug. 

e.  Place  the  plug  in  the  cutout  with  the  adhesive  .side  down.  Align  the  cover  plate  coordinates 
with  repair  area  coordinates  with  the  adhesive  side  down.  Place  the  cover  plate  over  thi 
plug  and  secure  in  position  with  nylon  or  polyester  tape  (tig.  0-1  21. 

1 2.  Remove  the  protective  masking  tape  surrounding  the  repair  area. 


I.{.  I iv.Ko  lhi‘rnu)ii>ii|'li's  arotiiul  (lu'  n-p.iir  aiva. 


1-J.  I’lvpaiv  till*  ivpair  lor  in  acioiilaiiii'  wilh  soction  (soc. 

1 V IUmuI  tho  repair  per  reiiuireineiits  lor  the  seleeleil  ailhesive  system  in  table  4-3. 

1('.  Remove  boiuliiin  eniiipment  alter  eiire  eyele  is  eoniplete. 

WARNlNd:  \Vl  AR  Ul  .M  lNSlil.,ATiN('.  (JLOVI  S WHI  N 

HANUHNi;  HOT  ^•ARTS  OR  I OUll’Ml  NT. 

1 7.  Remove  exeess  .ulliesive  I'lasli  (see.  7. 1 2>. 

IS.  Inspeel  per  seetioii  It). 1.7. 

l'>.  Seal  .iromiil  the  eil.ee  ol  the  I'ateli  plate  with  sealing  eompoiiiul  (relei  to  see,  4.’  aiul  4..Vot, 

Jtl.  Apph  t'iiiish  pel  seetioii  4, .1.7  ami  the  ai'plieahle  aireralt  1.0. 

6.5  HOLE  IN  ONI  SANDWH'll  SKIN.  D.AM.AOl  1)  CORE 

I'tiese  iiietluuls  appl\  to  re(iair  w here  a pimetnre  or  ileni  h.is  ilama.ge4l  one  skin  .iml  Die  immeili.iie 
ei'ie  are.i.  I wo  basie  tv  pes  ol  repair  .ire  eovereil  m tins  seetioii.  The  tirsi  iiiih/es  a replaeemeni  eore 
plug  to  leplaee  the  ilamageil  hoiieyeomb.  1 his  metlioil  is  generally  preterred.  A seeomi  metiuul  is 
iiielmled  vvliieh  eovers  replaeenient  ol  the  eore  w ith  potting  material.  I'his  inetluHl  niav  be  less 
expensive  ami  more  expedient.  It  should  be  used  lor  small  holes  only.  Its  use  is  snbjeet  to  .ippixw.il 
of  Die  responsible  engineering  authority. 

Other  hmitalioiiN  apply  Diat  are  designated  in  Die  speeil'ie  aireral't  model's  I .O.  manual,  liistinetion 
tor  the  repair  of  more  extensive  ilamage  is  given  in  seetioii  ^.D.  Inspeetion  iiistiiietunis  are  given 
in  seetioii  ID.D. 

Oiiring  the  repair  .letivity.  give  speeial  attention  tt'  the  t'ollowing  items: 

VVARNINO:  OBSERVE  ALL  LO(  AL  SAEl  1 Y I’REX  AUTIONS 

AND  THOSE  DESICN  ATEI)  IN  SECTION  l .,L 

DO  NOT  Al  LOW  C ONC  I NTRATEO  MIXTURES 
OR  SOLUTIONS  TO  C'OME  IN  ( ON  I'AC'I  WITH 
SKIN  OR  C'LOTHINC'..  IN  CASE  OE  ACC  IDENTAL 
C ONT.ACT.  IMMEDI  VI'ELY  W ASH  OFl  W ITH  A 
C'.ENEROHS  AMOUNT  OE  CLE  AN  W ATER. 

ALW  AYS  WEAR  EYE  PROTECTION  DEVIC  ES 
AND  RUBBER  CLOVES  WHEN  H ANOI  INC 
ACIDS  AND  SOLUTIONS. 
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WARNING: 


IF  THE  REPAIR  IS  IN  A FUEL  TANK  AREA 
THE  FUEL  TANK  PRESSURE  SHALL  BE 
RELIEVED  PRIOR  TO  STARTING  THE  REPAIR. 

OBSERVE  OTHER  PREC  AUTIONARY  PRO- 
CEDURES AS  DESIGNATED  BY  THE  SAFETY 
OFFICER. 

The  t'ollowinn  lists  iiuiicati'  the  types  of  materials  ami  eiiuipment  n.*iiuired.  Refer  to  section  4.2  for 
specific  information  and  application  instructions  for  materials.  Refer  to  section  S.O  for  more  detailed 
information  concerninj;  tools  and  eijnipment. 

Materials 

Adhesive,  core  splice  foam 
Adhesive,  film 
Adhesive,  paste 
Aluminum  honeycomb  core 
Aluminum  sheet 

I'heesecloth,  bleached.  4-ply  pads 
Chromate  conversion  coat  ins 
Cleaner,  alkaline 
(’loth,  bleeder 

Cloth,  rumple,  purified  polishins  fabric 

Film,  release 

Film,  vacuum  bassins 

Paint,  finish 

Paper.  Kraft,  wrappins.  wax-free 
Phenolic  sheet.  0. 1 2.S-inch 
Potting  compound,  core  and  ilent  filler 
Primer,  adhesive 

Primer,  sealant,  aerodynan.i  • smiH>ther 
Putty,  vacuum  seal 
Sealant,  aerodynamic  smoottier 
Solution,  surface  preparatior 
Solvent,  nonchlorinated  (for  titanium) 

Solvent,  cleaning 

rape,  aluminum  foil  0.004  (for  aluminum) 

Vape,  double-backed 
Tape,  masking,  hi-temp 
I'ape,  plastic  film,  nylon 
Titanium,  sheet 

Water,  distilled  or  demineralized 
Tools  or  Equipment 
Abrasive  pads,  noiwoven,  nylon 

Abrasive  cloth  or  paper,  wet  or  dry,  ISO,  220,  .)20.  and  400  grit,  aluminum  oxide 
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Aspirator,  vacuum 

Air  supply,  90  to  100  psi  (w/pressure  regulator,  filter,  and  oil  trap) 

Blanket,  insulation 

Blanket,  heater,  electric 

Brush,  acid,  3/8-  by  1-inch 

Brush,  paint,  short  bristle,  1-1 /2-inch 

Containers,  mixing,  polyethylene 

Controller,  electrical,  Variac  or  power  stat,  adjustable,  ac 
Drills,  assorted  sizes 

Drill  motor,  pneumatic  or  electric  (explosionproof  in  fuel  areas) 
Emery  cloth,  150,  320,  and  500  grit,  aluminum  oxide  (for  titanium) 
Fillet  gun,  sealant 
Fly  cutter 

Gage,  air  pressure,  100  psi 

Gage,  vacuum,  32  in.  Hg 

Gloves,  heat  insulating 

Gloves,  white  cotton  fiber 

Gloves,  rubber  or  neoprene,  surgeons’ 

Heat  lamps,  200  to  350  watt  (explosionproof) 

Hole  saw  assembly 
Hose,  vacuum  w/fittings 
Knife,  core  cutting 
Knife,  putty 
Knife,  pocket 
Micrometer,  depth 
Micro  stop,  drill 
Pen,  ink  marking 

Power  supply.  1 1 5 volt,  60  cycle,  ac 

Pressure  plate,  0,125-  and  0.250-inch  aluminum 

Probes,  vacuum,  connector 

Pyrometer,  0°  to  400®  F,  automatic  recording 

Rod,  mixing,  metal  or  plastic 

Router  bits,  assorted  sizes 

Router  motor,  pneumatic  or  electric  (explosionproof  for  fuel  areas) 
Router  templates 
Safety  glasses  or  shield 
Scribe 

Spatula,  wood  or  metal 
Tin  snips,  metal  cutting 
Vacuum  cleaner,  industrial  or  hand-type 
Vacuum  source 

Wire,  thermocouple,  type  J or  equivalent 


6-26 


6.5.1  HONEYCOMB  CORE  PLUG  REPAIR 


Two  types  of  repair  are  presented.  One  covers  the  situation  for  thick  sandwich  where  the  repair 
extends  only  partially  through  the  depth.  The  other  is  for  a repair  where  the  full  depth  of  core  is 
replaced.  These  repairs  are  shown  schematically  in  figure  6-13.  The  repair  steps  are  as  follows: 

1.  Apply  masking  around  the  repair  area  to  prevent  further  damage  during  rework  and  to  contain 
chemicals  or  acids.  Use  aluminum  foil  or  polyester  tape  for  aluminum  and  lead  foil  or  polyester 
tape  for  titanium. 

2.  Using  an  ink  pencil,  draw  coordinates  which,  if  extended,  would  pass  through  the  center  of  the 
damaged  area  (fig.  6-14). 

3.  Determine  if  a hole  saw  or  router  is  best  suited  for  removing  the  damaged  material.  Proceed  to 
section  8.1.1  or  8. 1 .2  for  instructions. 

NOTE:  Inspect  for  moisture  or  corrosion.  If  moisture  or  cor- 

rosion is  present  its  extent  must  be  determined  and  it 
must  be  removed.  If  the  repair  area  is  contaminated 
with  fuel  or  hydraulic  fluid,  use  MEK  or  another  suit- 
able solvent,  and  a brush  to  clean.  Be  sure  the  area  is 
free  from  contamination  and  dry  before  proceeding 
with  the  repair. 

4.  When  damage  removal  is  complete  per  section  8.1 , mount  a mushroom-type  sanding  arbor  in  an 
air  motor.  Attach  a small  diameter  220-  to  320-grit  aluminum  oxide  disc.  Remove  the  remaining 
core  ends  and  adhesive  fillets  to  a smooth  finish.  If  bare  skin  is  exposed  through  the  adhesive 
film,  reclean  per  section  5.3.  This  is  a faying  surface  for  rebonding  later  in  the  repair  sequence. 

5.  Remove  the  sanding  dust  and  debris  with  a vacuum  cleaner. 

6.  Dry  wipe  with  clean  dry  cheesecloth  or  rumple  cloth  pads. 

7.  If  assembly  cannot  be  continued  for  30  minutes  or  more,  cover  with  clean  wax-free  Kraft  paper. 

8.  Core  plug  fabrication 

a.  Cut  and  fit  a core  plug.  Select  the  core  density,  cell  size  and  alloy  to  be  the  same  as  that 
used  in  the  original  construction.  Instructions  for  cutting  the  core  details  are  given  in 
section  6.1.2. 

b.  Trim  the  plug  to  a loose  fit  in  the  routed  cavity.  Trim  the  core  surface  to  be  fiush  with  the 
surface  of  the  skin. 

c.  Carefully  remove  the  trimmed  core  plug  from  the  machined  cavity. 
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Partial  — Through  Repair 


Full  Depth  Repair 


Pjtch 
^ (ilate 

■ Adhesive  film 


Adhesive  tilni 


, Patch 

plate 

Adhesive  tiln> 


Adhesive 


] 0.010  in.  metal  shim 

I ' , , 

I Adhesive  him 

i I 


Ddmdgeil  died 


Figure  6 14. -Marked  Coordinate  Lines  for  Centering  Patch  Over  Co,e  Plug  Repair 

li.  C'liMH  tiu'  OOIi'  plu>;  |HT  5.J, 

• U'i.o  vH  olhcT  dpproM'il  iU'.cri.Msoi>. 

I'AI'TION  t'lcan  Wliiio  (.’olUtn  Linllt’s.N  IHom's  Shall  Ho  Worn 
When  Maiutliiik>  I'loanoil  Details  or  the  Vilhosiro. 

• Use  o.iiitioii  while  (.lo.imni;  ttio  ooro  pliii;. 

• Play  au  over  the  plviii  until  all  ovlor  of  oloaiiin)i  solvent  is  rotnovoil.  Ho  oarofiil  not  to 
ilamajso  tlio  ooll  walls  with  an  air  Mast.  I'arofiilh  shakini:  tho  ooro  plu.i:  to  tvinovo  tho 
solvont  IS  aoooplahlo. 

0.  N\rap  tho  ooro  phi);  in  oloan.  wa\-froo  Kralt  papor  until  nooiloii  for  assoinMy. 

S ahrioato  tho  patoh  plato 

a.  Soloot  tho  matorial  to  bo  tho  saino  as  tho  saiulw  ioh  faoo  matorial  that  is  boin.v;  patohoil. 
riio  ita.eo  slunihl  bo  tho  samo  as  that  I'f  tho  faoo  matorial  or.  if  lu't  avail.iblo.  tho  no\t 
hoavior  );a):o. 

b.  Cut  out  tho  patoh  plato  to  bo  tho  iliamotor  of  tho  holo  plus  tho  allowaiioo  lot  ovorlap. 
riio  o\orlap  shoulil  bo  a minimum  of  I.H  inoh  or  as  Josi);n.iloii  b\  tho  rosponsiblo 
on);moorm!;  au  t horit  y . 
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It’  tlie  patcli  pLiti*  oxcoods  0.025  iticho.s  in  thickness,  hovel  the  edj’e  nf  one  side  as  shown  in 
tlpure  0-15.  Add  coorilinate  lines. 


Patch  Plate 


-0.010  in. 


L_ 


Beveled  Detail 


! 


Figure  6-  15.-Detail  of  Beveled  Patch  Plate  and  Coordinate  Lines 


10.  Prepare  the  adhesive  and  metal  shim: 

a.  .Select  the  appropriate  adhesive  film  per  section  4.2  or  the  applicable  aircratt  1 .(). 

Observe  precautionary  notes  when  removing  refrigerated  material  from  storage.  Oo  not 
touch  the  adhesive  with  bare  hands. 

b.  Out  one  disk  of  adhesive  to  the  same  size  as  the  repair  cut-out  (cut  out  two  disks  if  a 
partial-through  repair  is  being  made  (see  fig.  0-1.5). 

c.  If  a partial-through  repair  is  being  made,  also  cut  out  a 0.010-inch-thick  aluminum  shim 
the  same  size  as  the  repair  cut-out. 

d.  Preassemble  details  to  ensure  proper  fit. 

1 1 . Prepare  both  surfaces  of  the  metal  shim  (if  used)  for  adhesive  bonding  per  section  5. .5  or  5.4. 
Wipe  the  bottom  and  sides  of  the  cut-out  area  with  solvent  (see  sec.  4.2).  Allow  the  area  to  dry. 

CAUTION:  Once  the  Cleaning  Procedure  Starts.  00  NOT  TOUCH 

With  Bare  Hands  or  Contaminate  Any  Surface  To  Be 
Filled,  Coated,  or  Bonded. 

DO  NOT  Allow  Solution  to  Enter  the  As.seniWy  or 
Contact  the  Previously  Cured  Adhesive. 
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CAUTION;  Obsene  RetjuirenuMits  lor  a Clean  bnvironineiX. 

Wear  Clean  While  Cotton  Linilevs  Ciloves  When 
Handlintt  Clean  DetaiLs  or  Adhesives. 

Assi'inhlc  the  repair  details  lor  initial  hondini: 

;i.  Remove  separator  nim  t'rom  one  of  the  adhesive  disks  and  position  the  adhesive  film  in 
the  bottom  of  the  eiit-out. 


b.  If  a partial-through  repair  is  being  made,  plaee  the  0.010  ineli  metal  shim  on  top  of  the 
.idliesive.  Cover  with  the  seeond  adhesive  disk.  Be  sure  to  remove  the  separator  film. 

e.  Position  a laver  of  0. 0.^0  or  0.1 00  ineh  core  splice  adhesive  foam  tape  around  the  inside 
edge  of  tlie  cav  ity  (.see  fig.  tvlof. 

d.  (’arefiilly  insert  the  core  plug  into  the  cavitv . tVient  the  ribbon  direction  of  the  core  plug 
foil  to  be  the  same  as  that  of  the  sandwich  core.  He  careful  not  to  push  the  adhesive  tape 
down  the  side  of  the  cavity  as  the  core  is  inserted,  bill  any  voids  with  additional  adhesive 
foam  tape.  The  core  plug  should  extend  slightly  above  (approx  0.01(1  in.l  the  face  surlaci; 


Foaming  coie-splice  adhesive 
(cut  in  strips  tor  installation) 


Metal  shim 


r — Metal  si 
\ (-0 


5(X)  in  0.010  in. 


0.500  in. 


iUBsalllW 


Adhesive  Mm 


S«c  A A 


Figure  6-16.— Application  of  Core-Splice  Adhesive  and  Meta!  Shim  Plug  for  a Partial 
Through-Repair 
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1.'.  1 oc.ilo  Ihroc  tluTiiK'.'iniplos.  oiiually  spaoeil  anniiul  tin.-  cotv  plug.  1 a'Ufii  in  placo  UMiig  nylon 

or  polyester  tape. 

14  Prepare  tlie  repair  area  lor  inilial  hoiuling  in  aeeorilanee  with  seetiun  ^.11. 

15.  Boiul  the  repair  per  reiiiiireinents  lor  the  seleeled  adhesive  systems  in  table  4-3. 

.\0  I I ; t)nee  the  eunm:  eyele  has  started,  eontiiuie  until  the 
e\  ele  is  eoiiiplete. 

Its.  Remove  the  hoiuiing  eiiuipmenl  alter  the  cure  e\  ele  is  eomplete. 

WARNING;  Wl  AR  HF\T  INSHLATINC.  GLOVFS  WMFN 
HAN1)L1N(..  HOI  PARTS  OR  TOOLS. 

17.  \ isuall>  iiispeet  the  eore  plug  tor  ,i  homogeneous  bond.  IT  voids  are  present  in  the  bondline, 

fill  with  a eore  spliee  aiihesive  paste  per  seetion  4.3,  ( ure  at  the  requitvil  temperature. 

IS.  Sand  the  eore  llush  with  the  skin  surtaee  using  33n-gril  abr.isive  paper.  Remove  sanding  debris 
from  the  eore  eells  with  vaeuuni  or  elean  ilr>’  eompiessed  air.  L'se  eare  not  to  damage  the  eore 
eel  Is. 

l‘>.  .-\tler  removing  saniiing  dust,  wipe  surtaee  ol  eore  with  solvent.  Orv  with  elean  drv  elieeseeli'th 
and  elean  drv  eivinpressed  air  to  renuwe  all  traee  ot  solvent. 

30.  Mask  the  eore  plug  surtaee  to  prevent  eontamination  during  eleanmg  ol'  the  s-km, surtaee.  I'se 
aluminum  toil  or  polyester  tape  Iv'r  aluminum  assemblies  aiui  lead  toil  or  pi'lv  ester  t.ipe  tor 
titanium.  Overlap  the  skin  surtaee  O.OsO  i 0.030  inehes.  See  ligure  (i-t  1 Similarlv'  mask 
around  the  eut-out  leav  ing  the  area  elear  that  will  be  eleaned  for  bonding  the  paleli  plate. 

31.  fhemieally  prepare  the  skin  surtaee  and  the  surtaee  of  the  pateh  plate  for  bonding  per  seetion 
5.3  or  5.4.  Observe  notes  i.>.meerning  safety  and  eleanliness  noted  prev  iously  under  step  I I. 

33.  .-\fter  the  surfaee  preparation  is  eomplete.  apply  the  appropriate  adhesive  primer  per  seetion  4.3. 
Shvviild  the  primer  v'r  adhesive  applieation  be  ilelayed  for  more  than  31^  mimife.s,  eover  with 
elean  wax  free  Kraft  paper. 

33.  .AppK'  ailhesive  and  install  the  pateh  plate  as  follows: 

No  n- ; Wear  elean  white  eotton  hntless  glov  es  when  handling 
elean  iletails  or  adhesives. 

a.  Remove  the  required  adhesive  from  storage.  Observe  preeautionarv  noie.s  when  removing 
refrigerated  material  from  storage  (.see.  1.3.5).  Dc’  not  loueh  the  adhesive  with  bare  hands. 

b.  LKing  the  pateh  plate  as  a template,  eiit  an  adhesive  disk  to  the  pateh  plate  si/e. 
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c.  Kcmovc  llio  si'|>;ir;ilor  Ulin  I'rum  Iho  .ullu'sivi'  ilisk.  Ri'iiiovi'  IIk*  iiiaskiiij:  la|H  lovcriii):  llu' 
aiiv  pluj:  ami  tliat  inaskint:  llio  siiiroiiiuliiiji  ama. 

il.  Apply  IIh‘  aillK’sivc  disk  aiul  llii’  pali  li  plaU'  (licvi'lcd  side  up)  dver  llie  eul-oul  area.  Use 
Ihe  eourdiuale  lines  lor  ali>:iiiiK'ii(. 

e.  Seeun  llie  paleli  plate  with  nylon  »>r  iiolyester  I'ilin  (ape  (see  (if:,  (i-l  7). 


Polvestrr  tape 


Figure  6- 1 /.-Patch  Plate  Secured  With  Polyester  Tape 


24.  Prepare  (lie  repair  lor  Iromlin):  in  aeeetrdanee  with  section  7. 1 I , See  tivinre  ('-I  S. 

Nol  l'!;  l‘or  assuntnv  via  ijualily  homl.  heal  must  he  applied 
to  holh  surfaces  of  the  sandwich  when  the  assemhly  is 
thicker  than  1/2  inch. 


25.  Homl  the  repair  per  renuirements  for  the  selecteil  adhesive  system  in  section  4.2. 

2(1.  Remove  Imndin):  etiuipmenl  after  cure  cycle  is  complete. 

WARNING:  WEAR  HEAT  INSULATING  GLOVES  WHEN 

HANDLING  HOT  PARTS  OR  EQUIPMENT. 

27.  Remove  excess  adhesive  (sec.  7.1  2). 

2S.  .Seal  aronml  etlfie  of  patch  plate  with  sealing  compouiul  (refer  to  sec.  4.2  and  4. and  4..V(i). 
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Figure  618.  — Typical  Setup  of  Single  Heating  Blanket  with  Backup  Pressure 
for  Thin  Sandwich  Repair 


Apply  finish  per  section  4.3.7  ami  applicable  aircraft  T.O. 

6..S.2  POTTED  PLUG  REPAIR.  OPTIONAL  METHOD  (NEEDS  ENGINEERING  APPROVAL! 

1.  Preparatioi\  of  the  repair  area  prior  to  in.sertion  of  the  pottintJ  compoumi  is  the  same  as  that  for 

the  honeycomb  core  pluK  repair  liescribeil  in  U.5. 1 . Start  the  repair  b>  performinn  steps  niven 
in  section  steps  I thronjih  K. 

2.  Select  ami  prepare  the  pottinp  compoumi  per  instructions  given  in  section  4.3.4. 

3.  Wipe  tlie  bottom  anil  siiles  of  the  cut-out  area  with  solvent.  Allow  the  area  to  liry. 

4.  Fill  the  core  cavity  using  the  prepared  potting  compoumi.  Pack  the  cavity  until  the  compoumi 
is  approximately  0.020  inches  above  the  skin  .surface. 

5.  Remove  exeess  compoumi  from  the  panel  surface  using  chee.secloth  moistened  with  acetone. 

WARNING:  SPECIAL  PREC  AUTIONS  TO  BE  USED  WHILE 

HANDLING  SOLVENTS  ARE  NOTED  IN 
SECTION  1.3. 

Do  not  remove  the  coordinate  lines  from  the  skin  surface.  Allow  cleaned  area  to  dry  for 
approximately  I minutes. 
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<>.  If  a room-tomperatiire-curing  potting  compouml  is  useil.  allow  the  material  to  cure  for  the  time 
period  designated  in  table  4-3.  Acceleration  of  the  cure  with  heat  lamps  may  he  permitted.  IH) 
NO  I'  OVl- RUh  A r.  After  curing,  proceed  with  step  1 2. 

If  a potting  compound  requiring  an  elevated-temperature  cure  is  used,  proceed  with  step  7. 

7.  Apply  two  layers  of  nylon  or  polyester  film  tape  over  the  routed  hole  and  potting  compound 
as  shown  in  figure  0-1  d. 


Section  A-A 


Figure  6-19.— Application  of  Masking  Tape  Over  Potted  Plug  Repair 


8.  Locate  three  thermocouples  equally  spaced  around  the  potted  area.  Fasten  in  place  with  nylon 
or  polyester  tape. 

d.  Prepare  the  potted  area  for  curing  by  applying  a release  film,  caul  plate,  heating  blanket,  vacuum 
bagging  film,  etc.  See  section  7.1 1 and  figure  6-20.  Normally  the  patch  plate  can  be  used  for 
the  caul  plate  unless  it  is  quite  thin,  i.e.,  less  than  O.O.^O  inch. 

10.  (’lire  the  assembly  per  requirements  for  the  selected  potting  compound  as  indicated  in  table  4-3. 

1 1 . Remove  the  bonding  equipment  and  material  after  the  cure  cycle  is  complete. 

WARNING:  WEAR  HEAT  INSULATING  GLOVES  WHEN 

HANDLING  HOT  PARTS  OR  TOOLS. 


I 
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Figure  6-20.— Lay-Up  for  Heat  Curing  the  Potted  Core  Plug 

12.  Visually  inspect  the  potteil  plug  tor  voids.  If  there  are  voids,  fill  with  pottini:  compound. 
Cure  at  room  temperature  or  with  heat  lamps. 

1.^.  Smooth  the  potted  surface  as  follows: 

a.  Sand  the  potted  surface  to  0.000  to  0.005  inch  above  the  skm  surface  usinj;  .^20-};rit 
abrasive  paper. 

b.  Remove  samlint:  debris  from  the  area  with  clean,  dry  compressed  air  or  vacuutn  cleaner. 

c.  Wipe  the  area  with  clean  dry  cheesecloth. 

14.  (’ontinue  the  repair  using  steps  21  through  20  in  section  b.5.1. 


6.6  HOLE  THROUGH  BOTH  S.ANDWICH  SKINS 

These  repair  methods  apply  when  both  skins  and  the  honeycomb  core  of  a sandwich  panel  have  been 
damaged  (fig.  6-21 ).  Three  type.s  of  repairs  are  pre.sented.  These  include  (Da  honeycomb  core  plug, 
nonnush,  (2)  a potted  plug,  nontlush,  optional,  and  (})  a honeycomb  core  plug.  Hush  one  side,  fhe 
use  of  potting  to  replace  the  damaged  core  should  be  considered  only  for  very  small  areas  ami  with 
approval  of  the  responsible  maintenance  engineer.  Other  limitations  apply  that  are  designated  in 
the  si'ccific  aircraft  model’s  T.O.  manual.  Instruction  for  the  repair  of  more  extensive  damage  is 
given  in  section  7.0. 
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Damaged  area 


Figure  6-21.— Damage  Through  Both  Skins  and  Honeycomb  Core 


Duriiii’  tlio  repair  activity,  iiive  special  attcfitioti  to  tlie  ('oll()wiiii>  items: 

WARNING:  OBSERVE  ALL  LOCAL  SAFETY  PRECAUTIONS 

AND  THOSE  DESIGNATED  IN  SECTION  1..V 

DO  NOT  ALLOW  CONCENTRATED  MIXTURES 
OR  SOLUTIONS  TO  COME  IN  CONTACT  WITH 
SKIN  OR  CLOTHING.  IN  CASE  OF  ACCI- 
DENTAL CONTACT.  IMMEDIATELY  WASH 
OFF  WITH  A GENEROUS  AMOUNT  OF  CLEAN 
WATER. 


ALWAYS  WEAR  EYE  PROTECTION  DEVICES 
AND  RUBBER  GLOVES  WHEN  HANDLINCJ 
\CIDS  AND  SOLUTIONS. 

IF  THE  REPAIR  IS  IN  A FUEL  TANK  AREA 
THE  FUEL  TANK  PRESSURE  SHALL  BE 
RELIEVED  PRIOR  TO  STARTING  THE  REPAIR. 

OBSERVE  OTHER  PRECAUTIONARY  PRO- 
CEDURES AS  DESIGNATED  BY  THE  SAFETY 
OFFICER. 

riie  followin}’  lists  indicate  the  types  of  materials  and  eipiipinent  rerpiired.  Kel'er  to  section  4.2 
for  specific  information  and  application  instructions  for  materials.  Refer  to  section  S.O  lor  more 
detailed  information  concerning  tools  and  equipment. 


Materials 


Adhesive,  core  splice  foam 
Adliesive,  film 
Adliesive,  paste 
Aluminum  honeycomb  core 
Aluminum  sheet 

Cheesecloth,  bleached,  4-ply  pads 
Chromate  conversion  coating 
Cleaner,  alkaline 
Cloth,  bleeder 

Cloth,  rumple,  purified  polishing  fabric 
Film,  release 
Film,  vacuum  bagging 
Paint,  finish 

Paper,  Kraft,  wrapping,  wax-free 
Phenolic  sheet,  0. 1 25-inch 
Potting  compound,  core  and  dent  filler 
Primer,  adhesive 
Primer,  sealant 
Putty,  vacuum  seal 
Sealant 

Solution,  surface  preparation 
Solvent,  nonchlorinated  (for  titanium) 

Solvent,  cleaning 

Tape,  aluminum  foil  0.004  (for  aluminum) 

Tape,  double-backed 
Tape,  lead  foil  (for  titanium) 

Tape,  masking,  hi-temp 
Tape,  plastic  film,  nylon 
Titanium,  sheet 

Water,  distilled  or  demineralized 
Tools  or  Equipment 

Abrasive  pads,  nonwoven,  nylon  j 

Abrasive  cloth  or  paper,  wet  or  dry,  180,  220,  320,  and  400  grit,  aluminum  oxide  f 

Aspirator,  vacuum  j| 

Air  supply,  'lO  to  100  psi  (w/pressure  regulator,  filter,  and  oil  trap)  if 

Blanket,  insulating  y 

Blanket,  heater,  electric  | 

Brush,  acid,  3/8- by  I -inch  I 

Brush,  paint,  short  bristle,  1-1 /2-inch  j 

Containers,  mixing,  polyethylene  I 

Controller,  electrical,  Variac  or  power  stat,  adjustable,  ac 
Drills,  assorted  sizes 
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Drill  motor,  pneumatic  or  electric  (explosionproof  in  fuel  areas) 

Emery  cloth,  1 50,  320,  and  400  grit,  aluminum  oxide  (for  titanium) 

Fillet  gun,  sealant 
Fly  cutter 

Gage,  air  pressure,  1 00  psi 

Gage,  vacuum,  32  in.  Hg 

Gloves,  heat  insulating 

Gloves,  white  cotton  fiber 

Gloves,  rubber  or  neoprene,  surgeons’ 

Heat  lamps,  200  to  350  watt  (explosionproof) 

Hole  saw  assembly 
Hose,  vacuum  w/fittings 
Knife,  core  cutting 
Knife,  putty 
Knife,  pocket 
Micrometer,  depth 
Micro  stop,  drill 
Pen,  ink  marking 

Power  supply,  1 1 5 volt,  60  cycle,  ac 

Pressure  plate,  0.125-  and  0.250-inch  aluminum 

Probes,  vacuum  connector 

Pyrometer,  0°  to  400°  F,  automatic  reco'^ding 

Rod,  mixing,  metal  or  plastic 

Router  bits,  assorted  sizes 

Router  motor,  pneumatic  or  electric  (explosionproof  for  fuel  areas) 

Router  templates 
Safety  glasses  or  shield 
Scribe 

Spatula,  wood  or  metal 
Tin  snips,  metal  cutting 

Vacuum  cleaner,  industrial  or  hand-type  < 

Vacuum  source 

Wire,  thermocouple,  type  J or  equivalent 

6.6,1  HONEYCOMB  CORE  PLUG  REPAIR,  NONFLUSH 

The  repair  is  shown  schematically  in  figure  6-22. 

The  repair  steps  are  as  follows: 

1 . Apply  masking  tape  around  the  damaged  area  to  prevent  further  damage  from  rework  and  to 
contain  cleaning  chemicals  or  acids.  Use  aluminum  foil  or  polyester  tape  for  aluminum  and  lead 
foil  or  polyester  tape  for  titanium. 
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Core  plug 


^’—Core-splice  adhesive 


Figure  6-22.-Schematic  of  Repair  Using  Non  flush  Honeycomb  Core  Plug 

Using  an  ink  pencil,  draw  coordinates  which,  if  extended,  would  pass  through  the  center  of  the  damaged 
area  (see  fig.  (v23). 


Figure  6-23.  —Marked  Coordinate  Lines  for  Centering  Patch  Over  Core  Plug  Repair 
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.V  IX'tonniiK’  if  a hole  saw  or  roiitor  is  iiiosl  stiitahlo.  ami  romuvo  tlio  JamajjiHl  mati'rial.  I'or 
insIriK  tions  on  iiso  ol'  a hole  saw  or  router,  ivl'er  to  scolioii  S.  I . I or  S.  1.2. 

4.  Use  a vacuum  cleaner  to  remove  dust  or  dehris  t'rom  the  repair  area.  Inspect  lor  internal  corri>- 
sion  or  moisture. 

: It'  moisture  or  corrosion  is  present,  its  extent  must  he 

determined  and  it  must  he  removed. 

It  the  repair  area  is  contaminated  with  fuel  or 
hydraulic  lluid.  use  MI  K or  .mother  suitable  solvent 
.md  a hrush  to  clean.  Be  sure  the  area  is  free  of 
contamination  and  dry  before  proceedinir  with  the 
repair. 

h'ahricate  the  patch  plates; 

a.  Batch  plates  are  renuired  for  both  the  outer  and  inner  skins.  Select  the  material  to  be 
the  same  as  the  sandwich  face  material  that  is  beini;  patched.  The  !*ai;e  should  be  the 
same  as  that  of  the  ori.uinal  face  material  or.  if  not  available,  the  next  hiiiher  iraiie. 

b.  Cut  out  the  patch  plate  to  be  the  diameter  of  the  hole  plus  the  allowance  for  overlap.  I he 
overlap  should  be  a minimum  of  l.O  inch  or  as  specified  b\’  the  responsible  enuineerinj: 
authority. 

c.  If  the  thickness  of  the  patch  plates  exceeds  0.02.x  inch,  bevel  one  side  as  shown  in  fijuire 
0-24.  .Add  coordinate  lines  for  positionini;- 
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Figure  6-24.-Detail  of  Beveled  Patch  Plate  and  Coordinate  Lines 


6.  Core  plug  fahrication  ; 


a.  Cut  ami  fit  a core  plug.  Select  the  core  density,  cell  size,  and  alloy  to  be  the  same  as  that 
used  in  the  original  construction.  Instructions  for  cutting  the  core  details  are  given  in 
section  b.  1 .2. 

b.  Trim  the  edges  of  the  plug  to  a loose  fit  in  the  routed  cavity.  Trim  the  core  surface  to  be 
Hush  with  the  outer  surface  of  the  two  skins. 

c.  Carefully  remove  the  trimmed  core  plug  from  the  machined  cavity. 

d.  Clean  the  core  plug  per  section  5.2. 

• Use  trichloroethane  or  another  suitable  solvent  for  aluminum  core. 

• Use  caution  while  cleaning  the  core  plug. 

• Play  air  over  the  plug  until  all  odor  of  cleaning  solvent  is  removed.  Do  not  damage 
the  cell  walls  with  an  air  blast.  Carefully  .shaking  the  core  plug  to  remove  the  solvent 
is  acceptable. 

NOTE;  Wear  clean  white  cotton  gloves  when  handling  the 
clean  core  details  or  adhesives. 

7.  Prepare  the  repair  area  for  bonding  in  the  core  plug.  Wipe  the  edges  of  the  core  in  the  cavity 
with  solvent.  Dry  with  clean  dry  cheesecloth  and  clean  dry  compressed  air  to  remove  all  trace 
of  solvent. 

8.  Install  and  bond  the  core  plug  as  follows; 

a.  Obtain  the  core  splice  adhesive  from  storage.  See  table  4-1  for  material  selection. 

Observe  precautionary  notes  when  removing  refrigerated  material  from  storage  (sec.  1.2.5). 

b.  Slice  the  foam  adhesive  into  strips  the  width  of  tlie  core  plus  1/8  inch  for  lining  the  cavity. 

c.  Position  a layer  of  the  core  splice  adhesive  around  the  edge  of  the  cavity.  See  figure  (v25. 

Carefully  insert  the  core  plug  into  the  cavity.  Orient  the  ribbon  direction  of  the  plug  foils 
to  be  the  same  as  that  of  the  core  in  the  .sandwich.  Take  care  not  to  push  the  adhesive 
down  the  side  of  the  cavity  when  inserting  the  core  plug.  Fill  any  voids  with  extra  core 
splice  adhesive. 

d.  Place  a layer  of  release  film  over  each  end  of  the  core  plug.  Using  the  patch  plates  as  caul 
plates,  locate  the  patch  plates  over  the  release  film.  Secure  in  place  with  polyester  or 
nylon  tllm  tape. 


1 


I 
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Foaming  core-splice  adhesive 
(cut  in  strips  for  installation) 


Figure  6.25.- Application  of  Core-Splice  Adhesive  to  Core  Plug  Repair 


e.  Using  tlie  standard  bonding  procedure  described  in  section  7.1 1.  vacuiiin  bag  the  repair 
area  and  cure  the  core  splice  adhesive  per  instructions  in  section  4.2. 

r.  After  the  cure  lias  been  completed,  debag  the  assembly. 

CAUTION;  Wear  Heat  Insulating  Gloves  When  Handling  Hot 
Tools  or  Parts. 

d.  Inspect  the  core  plug  for  a homogeneous  bond.  If  voids  appear  in  the  bondline,  fill  with  addi- 
tional core  splice  adhesive  foam.  Cure  at  the  recommended  temperature. 

10.  Sa  .o  the  core  surface  Hush  with  the  skin  surface.  Remove  the  .sanding  debris  witli  clean  dry 
con., fo.v sell  air  or  vacuum. 

1 1 . Wipe  both  surfaces  of  the  core  plug  with  cheesecloth  moistened  with  cleaning  solvent  (refer  to 
sec.  4.2).  Dry  to  remove  all  trace  of  solvent. 

1 2.  Mask  the  core  plug  surfaces  to  prevent  contamination  during  preparation  of  the  skin  surfaces 
for  bonding  the  patch  plates.  Use  aluminum  foil  or  polyester  tape  for  aluminum  skins  and 
lead  foil  or  polyester  tape  for  titaanium.  Overlap  the  skin  edges  by  approNimately  O.OtiO  ± 0.020 
inch.  Similarly  mask  around  the  cut-out  leaving  the  area  clear  that  will  be  cleaned  for  bonding 
the  patch  plate.  See  figure  (i-20. 
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Figure  6-26. -Application  of  Masking  Tape  Prior  to  Surface  Cleaning 


1 5.  Prcp.iro  the  .uiliesive; 

a.  Seleet  tlie  appropriate  ailhesive  per  section  4.J.  Observe  pres'aiitionary  notes  wlien 
reinovini!  ret'riperateii  material  from  storage  tsee.  1.2.51.  Oo  not  touch  the  aJhesive 
with  bare  liaiuls. 

b.  Cut  two  ilisks  of  adhesive  the  same  si/e  as  the  patcli  plates.  The  patch  plates  ma>'  be  iiseJ 
as  templates. 

1('.  Chemically  prepare  the  skin  surl'aces  and  the  surfaces  of  the  patch  plates  lor  bonding  per 
instructions  in  sections  5..1  or  5.4.  ObseVve  notes  regarding  cleanliness  and  safety: 

W.VRNING;  DO  NOT  ALLOW  CONCEN TRATEO  MIXTURES 
OR  SOLIITIONS  TO  COME  IN  CONT.UT  WITH 
SKIN  OR  CLOTHING.  IN  CASE  OF  ACCIDENTAL 
CONTACT.  IMMEDI  ATELY  W ASH  OFF  WITH 
GENERODS  AMOUNTS  OF  CLEAN  W .ATER. 

ALWAYS  WEAR  EYE  PROTECTION  DEVICES 
AND  RUBBER  GLOVES  WHEN  HANDLING 
ACIDS  AND  C LEANING  SOLUTIONS. 

C'.AUTION:  Onec  tlic  C'loaning  Proeotlure  Starts.  DO  NOT  TOUCH 

With  Bare  Hands  or  C'untamiiiato  Any  Surface  to  Be 
Filled.  Coaterl.  or  Bonded. 
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C'AI'TION;  DO  NOT  AIU>w  Solutions  to  Enter  the  Assembly 
or  C ontact  the  Previously  CTiretl  Adhesive. 

Oliserve  Requirements  for  a C lean  Environment. 

1 7,  .After  ttic  surface  preparation  is  complete,  apply  the  appropriate  adhesive  primer  per  section  4..T  1 . 
Should  the  primer  or  adhesive  application  be  delayed  tor  more  than  30  minutes,  cover  with 
clean  wax-free  Kraft  paper. 

IK.  .Apply  adhesive  and  install  the  patch  plates  as  follows; 

a.  Remove  the  separator  Him  from  the  adhesive  ili.sks.  Remove  the  maskint’  tape  covering 
the  core  pine  and  that  masking  the  surrounding  area. 

b.  .Applv  the  adhesive  disks  and  the  patch  plates  (beveled  side  up)  over  the  cut-out  areas. 

Use  the  coordinate  lines  for  alignment. 

c.  Secure  the  patch  plate  with  polyester  or  nylon  film  tape  (see  fig.  ()-27). 

d.  Attach  a minimum  of  three  thermocouples  around  the  patch  plate.  Secure  in  place  with 
nylon  or  polyester  film  tape. 


I‘).  Propaa'  the  repair  lor  homling  in  aceoalance  with  section  7.11. 


NO  ri- : Por  assuraiKO  of  a quality  I'oikI.  heal  imisl  he  applieil 

to  hotli  surface.^  of  the  saiuiwieh  when  the  assembly 
is  thicker  than  1/2  inclt. 

20.  Boml  tlie  repair  per  reiiuirements  for  the  selected  adhesive  system  in  section  4.2. 

21.  llemove  hoiulini’  eiiiiipment  after  cure  cy  cle  is  ct>mplele. 

W ARNING:  WE.VR  HE.AT  INSUL.VTING  GLOVES  WHEN 

H.ANDLING  HOT  PARTS  OR  EQUIPMENT. 

22.  Remove  e.xcess  adliesive  flaslt  tsec.  7.1  2T 

2.T  Seal  around  edt;e  of  tlie  patch  plate  with  sealing  compound,  refer  to  .section  4.3.6. 

24.  Apply  finish  p section  4.3.7  and  the  applicable  aircraft  T.O. 

6.6.2  POTTED  PLUG  REPAIR.  OPTIONAL  METHOD  (NEEDS  ENGINEERING  APPROV  AL) 

rite  completed  repair  is  shown  in  fiiture  6-2S.  Instructions  for  making  the  repair  are  as  follows: 

1 Preparation  of  the  repair  area  prior  to  insertion  of  the  pottine  compound  is  the  same  as  that 
for  the  honeycomb  core  pluii  repair  described  in  section  (>.(■1.1 . Start  the  repair  by  perlorniiiii: 
steps  given  in  section  o.o.l  steps  1 through  6. 

2.  Select  and  prepare  the  potting  compound  per  instructions  given  in  .section  4.2  and  4.3.4. 

Wipe  the  sides  of  the  cut-out  area  with  solvent  (see  sec.  .s.2’>.  Allow  the  area  to  dry. 


I 


Figure  6-28. -Schematic  of  Repair  Using  Potted  Core  Plug 
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I'ill  thi'  coil’  cavity  usinp  tlic  ini'i'arcil  pullinn  conn'oniul.  lo  I'acililalo  lliis.  attacli  a layci  nl 
release  I'ilni  aiul  an  aUnninum  plate  ovei  the  tu'le  opposite  the  till  sule  nsinii  nyli'ii  or  polveslia 
tape.  Pack  the  cavity  until  the  componml  is  approximately  0.(12(1  inch  above  the  skin  snri.ice. 

Kenune  exeess  coinponiul  I'rom  (he  panel  siirlace  iisinp  cheesei  loih  moisieiiet)  w jili  .u  elone  oi 
another  sintahle  solvent,  l ake  care  to  keep  excess  solvent  onl  ol  the  pottmi’-eoinponiul  lilkxl 
.irea  Ho  not  remove  the  cooixlinate  lines  I'rom  the  skin  sin  lace.  .Allow  cleaiuxl  .irea  lo  tlr\  loi 
api'roxiinaleh  I .x  inimiles. 

W \RN1N(;:  Sl'l  ( IM  I'Kl  ( AU  1 IONS  TO  HI  USI  I)  Willi  I 

II.ANDI  INt;  SOI  VI  N I S AKI  NOTl  I)  IN 
SIX  I ION  I ..T 

II  a room-tempera  I nre-ciirini;  pollmii  coinponinl  is  nseil.  allow  the  material  lo  cure  lor  ihe 
lime  I'eriorl  ilesiim.ileil  in  seclion  4.2,  .Acceleialion  ol  Ihe  cure  wiih  heal  lamps  m.i\  I'e  perimiU'il 
IH)  NO  I 0\  l Kill  ,AI  . .Alter  ciirini:.  pioceeil  w ith  step  I 1. 

ir.i  I'ollm^  componiul  reiiiiirin>:  an  elevale4-leniperalnre  cine  is  iiseil.  proceeil  with  step  7 

,Appl\'  two  l.ivers  ol  lulon  or  polvesler  him  lape  ovei  Ihe  ronleil  hole  ami  potliin',  componml 
as  shown  in  I'innre  (>- 1 

Prepare  Ihe  polleil  area  lor  ciirini:  hv  applvniK  a release  him.  caul  plale.  heatini:  blanket,  vacuum 
banging  him.  etc.  See  seclimi  M I ami  hgiire  (i  20.  Normally  Ihe  patch  plates  can  be  nseil  I'oi  On 
caul  plates,  i.e.,  tooling  plates  lo  ilisiribute  Ihe  pressme  Hally  over  Ihe  surface,  unless  they  are 
itliile  thin.  i.e..  less  Ilian  O.tlXO  inches.  See  lignre  ('-2'h 


Cure  Ihe  assembly  per  reiiiiirements  for  Ihe  selecleil  polling  componml  as  imlic.ileil  in  table  -I  .1. 


Miiiclii’it  eaul  plains 


Rninase  lilm 


Polling  compoiimt 


Figure  6-29.-Patch  Plates  Used  as  Caul  Plates  to  Cure  Potting  Comtnuind 


1 


10,  Komovo  tlio  boiuiinji  oiiiiipiuont  .il  k'r  tho  (.iiiv  c\\'lo  is  i.oinpliMc. 


WAUNINC;.  Wl  AR  HI  AT  INSHLATINC;  CI.OVI  S WHI  N 
HANIM  INC  HOirAK  I SOU  l OOl  S. 

I I . lnspc>.(  the  poltoil  phin  kir  vouls  per  seelimi  10.0.  ll  there  .ire  vouls.  Oil  with  poitinj;.  fine  ,0 
ivunii  tetn(>er;iliire  or  hy  lie.iliiif;.  .See  llie  ;ipj’lie;il'le  1.0.  lor  limits  iiinl  preeiiiilions, 

12.  Smooth  Ihe  poileO  smliiee  .is  lollows; 

.1.  Saiul  the  potteJ  smliiee  to  O.OtUI  to  0.0t)5  ineh  above  the  skin  snilaee  nsni)’,  .<20  y.iit  al'rasue 
paper. 

b.  Remove  saiulinj:  ilebris  trom  Ihe  aiea  with  elean.  Orv  eoinpresseii  air  or  xaenniii. 
e.  Wipe  the  area  with  elean  Ory  v heeseeh'lh. 
l.<.  fontinne  the  repair  nsinr;  slej's  14  lhroiir:h  24  m seelion  ('.('.1. 

(V6..I  HONI  YI  OMH  ( ORl-  PI  UC  Rl  PAIR.  I I.USII  ONI  SORI  AC  l 

The  skeleh  ol  Ihe  repair  is  shown  in  tienre  (>-.'41.  Insirnelions  l>'i  .u  ei'inphshni)',  Ihe  rep.iii  are  as 
rollows: 

1.  Applv  inaskinn  tat'e  aroniul  the  ilanianeil  aie.i  to  I'levent  Ini  liter  vlani.iy.e  Oniini’,  lewoik  aiul  l>' 
eontain  eleaniiiy,  eheniie.ils.  I'se  .ilnmimim  Toil  or  polvesler  ta)'e  lor  alnimnnni  anil  leail  toil  oi 
pohester  tape  I'oi  lil.ininiii. 

2.  I'sini:  an  ink  peneil.  ilraw  eoonlinates  wliieh.  il  esleiuleil,  woiiKI  p.iss  lhron!'.h  Ihe  eenlei  ol  Ihe 

ilaniaireil  area  tsee  I'igiire  (>  .'I  V i 


Figure  6 30  Schematic  of  Repair,  Flush  One  Side,  tor  Hole  Through  Both  Sandwich  Sl^ins 


Coordinate  lines 


Figure  6-31.— Cavity  Cleaned  for  Installation  of  Honeycomb  Core  Plug  Repair  Details 


3.  notoriiiiiio  if  a hole  saw  or  router  is  more  suitable  ami  remove  the  damaitetl  material.  I'or 
instructions  on  the  use  of  a router  or  hole  saw,  refer  to  section  8. 1 . 1 or  8.1.2. 

4.  Use  a 320-jirit  aluminum  oxide  abrasive  disk  attached  to  an  air  motor  to  remote  the  remaininit 
honeycomb  core  and  loose  atihesive  from  tlie  inner  side  of  the  sandwicli  skin.  .See  fiimre  ('-.1 1. 

NOTi:;  DO  NOT  SAND  THROUGH  the  adhesive  on  the  inner 

siiie  of  the  skin.  If  it  is  necessary  to  remove  llie  adhesive 
(for  example  because  of  corrosion)  it  will  be  necessary 
to  reprepare  the  surface  prior  to  bondinp  as  instructed 
in  section  .3.0. 

5.  Use  air  pressure  or  vacuum  to  remove  dust  or  debris  from  the  repair  area.  Inspect  lor  internal 
corrosion  or  moisture. 

NOTH:  If  moisture  or  corro.sion  is  pre.seni,  its  extent  must  be 

determined  ami  it  must  be  retnoved.  If  the  repair  area 
is  contaminated  with  fuel  or  hydraulic  fluid,  use  MTK 
or  other  suitable  .solvent  and  a brush  to  clean.  He  sure 
the  area  is  ilry  and  free  of  contamination  before  pro- 
ceeding with  the  repair. 

0.  ^•abricaIe  the  .skin  pluj;  and  patch  plates: 

a.  Patch  plates  are  reijuired  for  both  the  outer  aitd  inner  skins,  and  a skin  pluji  is  reipiired  for 
the  Hush  surface  (see  fip.  (v.U)).  Select  the  material  to  be  the  same  as  the  sandwich  face 
material  that  is  beinj:  patched.  The  patte  should  be  the  same  as  that  of  the  oripinal  face 
material. 
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h.  Mark  ami  (.ut  tlu-  skin  pluji  ami  the  two  pati.li  plates.  I'lie  skin  pint;  slunikl  lit  sniifjglt  in 
the  small  hole  to  pivo  a I'lnsli  sni  faee.  I ho  smaller  ol  tlie  two  pateli  plates  slionkl  I'e 
slij’litly  smaller  than  the  larfie  hole  in  the  samlwieh.  I he  larjter  outer  paleh  plale  slunihl 
be  the  tliameter  ol  the  larger  hole  phis  an  allowanee  lor  overlap.  The  overlap  shonUl  be  a 
mininuim  of  l.t)  ineh  or  as  speeilieil  by  the  resptmsible  maintenanee  enjtineer. 

e.  ir  the  thiekness  of  the  outer  pateh  plate  exeeeils  t).025  ineh,  bevel  one  sule  as  slunv  n m 
fii’iire  Ailil  eoonlinate  lines  Ibr  ptrsiiioninj*. 


Figure  6-32.—  Detail  of  Beveled  Patch  Plate  and  Coordinate  Lines 
7.  b'abrieate  the  eore  pint;: 

a.  C ut  ami  fit  a eore  pint;.  Seleet  the  eore  tlensity,  eell  si/e,  ami  alloy  It'  be  the  s.nne  as  that 
nseil  in  the  orittinal  eonstrnelion.  Inslrnetions  Ibr  entlini;  the  eore  ilelails  are  itiven  m 
seetion  (>.  1 

b.  I rim  the  eilttes  of  the  ping  to  a loose  fit  in  the  rontetl  eavity.  I’laee  the  smaller  I'l  the  lwt> 
spliee  plates  at  the  bottom  of  the  eavity.  Insert  the  eore  and  trim  the  snrfaee  to  be  flush 
with  the  outer  snrfaee  of  the  skin. 

e.  Carefully  remove  the  trimmed  eore  ping  from  the  maehined  eavity. 
d.  Clean  the  eore  ping  per  seetion  .''.2. 

• Use  trichlorocthane  or  otlter  suitable  solvent  for  alnminnm  eore. 

• Use  eantion  while  eleaning  the  eore  ping- 

• Play  air  over  the  ping  until  all  oilor  of  eleaning  solvent  is  remmed.  Do  not  ilam.ige 
the  eell  walls  with  an  air  blast.  It  is  aeeeptable  to  earefnlly  shake  the  eore  ping  to 
remove  the  solvent. 

! 
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CAUTION; 


('le;iji  Wliire  C'ollon  Liiitless  (iloves  Shall  he  Worn 
When  Handling  Clean  Details  or  Adhesive. 


S.  I’lvpare  tlie  adliesive: 

a.  Select  tlie  appropriate  primer  and  adhesive  film  per  section  4.2.  Observe  precautionary 
notes  when  reinovini’  refrigerated  material  from  storage  (sec.  1.2.5).  Do  not  toucli  tlie 
adliesive  with  bare  hands. 

b.  Cut  two  disks  of  adhesive  to  the  same  si/e  as  the  inner  patcli  plate.  Also  cut  one  ilisk  ol 
adhesive  the  same  si/e  as  the  large  patch  plate. 

Cle;m  the  repair  cavity  area  i sing  cheesecloth  dampened  with  solvent.  Do  not  use  excess  solvent. 
Airilry  the  area  for  a minimum  of  1 5 minutes  at  room  temperature. 

10.  Prepare  the  surfaces  of  the  skin  plug  and  the  inner  patch  plate  for  bonding  per  instructions  in 
section  5..'  or  5.4. 

WARNING:  DO  NOT  ALLOW  CONCLNTRATHD  MIXTURI  S 

OR  SOLUTIONS  TO  COME  IN  CONTACT  WITH 
SKIN  OR  CLOTHING.  IN  CASE  OF  ACCIDENTAL 
CONTACT.  IMMEDIATELY  WASH  OFF  WITH 
GENEROUS  AMOUNTS  OF  CLEAN  W ATER. 

ALW  AYS  WE  AR  EYE  PRO  LECTION  DEVICES 
AND  RUBBER  GLOVES  WHEN  HANDLING 
ACIDS  AND  CLEANING  SOLUTIONS. 

('.AUTION:  Once  the  Cleaning  Procedure  Starts.  DO  NOT 

TOUCH  With  Bare  Hands  or  Contaminate  Any 
Surface  to  Be  Filled.  Coated,  or  Bonded. 

DO  NOT  Allow  the  Solution  to  Enter  the  .As.seinhly 
or  Contact  the  Previously  Curerl  Adhesive. 

Observe  Requirements  for  a Clean  Environment. 


1 1 . Apply  an  adhesive-compatible  primer  to  the  surfaces  of  the  inner  patcli  plate  and  skin  plug. 

See  section  4.1.1  for  primer  selection  and  section  4. .Cl  for  application  instructions.  Air  dry 
or  bake  primer  per  instructions. 

I 2.  A.ssemble  the  details  for  the  initial  cure  cycle.  Figure  shows  an  exploited  view  of  the 
a.s.sembly  components  for  the  initial  cure  eycle. 

Position  panel  with  the  small  hole  on  the  bottom  side.  Place  the  skin  plug  in  the  hole. 
Cover  with  one  of  the  smaller  previously  prepared  disks  ol'  adhesive.  Be  sure  to  remove 
the  separator  film.  Place  the  inner  patch  plate  over  the  adhesive  and  then  cover  with 
a second  adhesive  disk  (see  llg.  b-.U).  Secure  the  skin  plug  in  position  on  the  outer  surface 
with  nylon  or  polyester  film  tape. 
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a. 


b.  Obt;iin  the  core  splice  adhesive  from  stonipe.  See  section  4.2  for  material  selection  and 
processint:  instructions.  Ob.serve  precautionary  notes  when  removinj:  refrigerated  material 
from  storage  (sec.  1.2.5). 

c.  Position  a layer  of  core  splice  adhesive  around  the  edge  of  the  cavity  (.see  fig.  b-35). 


Figure  6-35.— Strip  nf  Foaming  Core-Splice  Adhesive  Around  Edge  of  Cavity 


d.  Carefully  insert  the  core  plug  into  the  cavity.  Orient  the  ribbon  direction  of  the  plug  foils 
to  be  the  same  as  that  of  the  core  in  the  sandwich.  Take  care  not  to  push  the  adhesive 
down  rhe  side  of  the  cavity  when  the  core  is  inserted.  Fill  any  voids  with  extra  core  splice 
adhesive. 

e.  Place  a layer  of  release  film  over  the  end  of  the  core  plug.  Cover  with  the  outer  patch 
plate  to  act  as  a caul  plate.  Secure  in  place  with  plastic  film  tape. 

f.  Similarly  place  a layer  of  release  film  and  a plate  over  the  flush  skin  plug  on  the  opposite 
face.  Tape  in  place. 

g.  Locate  a minimum  of  three  thermocouples  around  the  patch. 

13.  Using  the  standard  bonding  procedure  described  in  section  7.1 1.  vacuum  bag  the  repair  area  and 
cure  per  instructions  in  .section  4.2. 

For  assurance  of  a quality  bond,  heat  must  be  applied 
to  both  surfaces  of  the  sandw  ich  when  the  assembly  is 
thicker  than  1/2  inch. 
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NOTE; 


14.  After  the  cure  has  been  completed,  debag  the  assembly. 

WARNING;  WEAR  HEAT  INSULATING  GLOVES  WHEN 
HANDLING  HOT  TOOLS  OR  PARTS. 

1 5.  Inspect  the  core  plug  for  a homogeneous  bond.  If  voids  appear  in  the  bondline,  fill  with  addi- 
tional core  splice  adhe.sive  foam.  Cure  at  the  recommended  temperature  using  heat  lamps.  See 
the  applicable  aircraft  T.O.  for  limitations  and  precautions. 

16.  Sand  the  core  surface  flush  with  the  skin  surface.  Remove  the  sanding  debris  with  clean  dry 
compressed  air  or  vacuum. 

17.  Wipe  the  surface  of  the  core  plug  with  cheesecloth  moistened  with  cleaning  solvent  (refer  to 
sec.  5.2). 

18.  Dry  to  remove  all  trace  of  solvent.  Mask  the  core  plug  surface  to  prevent  contamination  during 
preparation  of  the  skin  surface  for  bonding  the  patch  plate.  Use  aluminum  foil  or  polyester  tape 
for  aluminum  skins  and  lead  foil  or  polyester  tape  for  titanium.  Overlap  the  skin  edges  by 
approximately  0.060  inch.  Similarly  mask  around  the  cut-out  leaving  the  area  clear  that  will  be 
cleaned  for  bonding  the  patch  plate.  See  figure  6-36. 

19.  Chemically  prepare  the  skin  surface  and  the  surfaces  of  the  patch  plate  for  bonding  per 
instructions  in  section  5.3  or  5.4.  Observe  notes  regarding  cleanliness  and  safety  as  noted 
previously  in  step  1 0. 


Figure  6-36.-Application  of  Masking  Tape  Prior  to  Surface  Cleaning 
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20.  .M  tcr  tlio  surfiu-e  pa-paratioii  is  complete,  apply  the  appropriate  adhesive  primer  per  section 
4.3. 1 . Should  the  primer  or  adhesive  application  he  delayed  for  more  than  30  minutes,  cover 
with  clean  wax-free  kraft  paper. 

21.  .Apply  adhesive  and  install  the  patch  plates  as  follows: 

a.  Remove  the  separator  film  from  the  previously  prepared  adhesive  disk.  Remove  the  masking 
tape  covering  the  core  plug  and  that  ma.sking  the  surrounding  area. 

h.  Apply  the  adhesive  disk  and  the  patch  plate  (beveled  side  up)  over  the  cut-out  area.  Lise 
the  coordinate  lines  for  alignment. 

c.  Secure  the  patch  plate  with  nylon  or  polyester  film  tape. 

22.  Prepare  the  repair  for  bonding  as  described  in  section  7. 11. 

NOTH;  For  a.ssiirance  of  a ijuality  bond,  heat  must  be  applied 
to  BO'l  11  surfaces  of  the  sandwich  when  the  assembly 
is  thicker  than  1 ;'2  inch. 

2.T  Bond  the  repair  per  reijuirements  for  the  selected  adhesive  system  in  section  4.^. 

24.  Remove  bonding  equipment  after  the  cure  cycle  is  complete. 

WARNING:  WEAR  HEAT  INSULATING  GLOVES  WHEN 

HANDLING  HOT  PARTS  OR  EQUIPMENT. 

25.  Remove  excess  adhesive  Hash  (sec.  7. 1 2). 

2(1.  Seal  around  edge  of  patch  plate  with  sealing  compound  (refer  to  sec.  4.2  and  4.3.(i). 

27.  Apply  finish  per  section  4.3.7  and  applicable  aircralt  1 .0. 

6.7  PANEL  ZEE  EDGE  CLOSE-OUT  DAMAGE 

I'hese  methods  apply  to  the  repair  of  panel  edge  closure  members  that  are  fabricated  from  either 
metal  or  fiberglass  cloth  and  are  a 45'^’  or  40^’  configuration.  Typical  damage  of  this  type  is  shown 
in  figure  0-37. 

When  the  extent  of  damage  is  beyond  the  scope  of  the  small  area  repairs,  the  repairs  will  be  made  per 
the  large  area  repair  techniques  outlined  in  section  7.0.  Nondestructive  inspection  procedures  to 
determine  the  damage  extent  are  described  in  section  1 0.0. 

rite  edge  of  a panel  is  typically  a metal  laminate  that  fits  against  some  internal  member.  Phis  is 
usually  the  structural  member  to  which  the  panel  is  mechanically  attached.  In  such  a case,  it  is 
ilesirable  to  maintain  the  internal  thickness  level  and  the  patch  must  be  added  on  the  external  side  ol 
the  panel. 
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Figure  6-37. -Typical  Edge  Close-Out  Damage 


Durinv:  the  repair  procedures,  give  special  attention  to  the  following  safety  and  operating  precautions. 

WARNING.  OBSERVE  SAFETY  PRECAUTIONS  DESIGNATED 
IN  SECTION  1.3. 

DO  NOT  ALLOW  CONCENTR  \TED  MIXTURES 
OR  SOLUTIONS  TO  COME  IN  CONTACT  WITH 
SKIN  OR  CLOTHING.  IN  CASE  OF  ACCI- 
DENTAL CONTACT.  IMMEDIATELY  WASH 
OFF  WITH  GENEROUS  AMOUNTS  OF  CLEAN 
WATER. 

ALWAYS  WEAR  EYE  PROTECTION  DEVICES 
AND  RUBBER  GLOVES  WHEN  HAIMDLING 
ACIDS  AND  CLEANING  SOLUTIONS. 

IF  THE  REPAIR  IS  IN  A FUEL  TANK  AREA 
THE  FUEL  TANK  PRESSURE  SHALL  BE 
RELIEVED  PRIOR  TO  STARTING  THE  REPAIR. 

OBSERVE  OTHER  PRECAUTIONARY 
PROCEDURES  AS  DESIGNATED  BY  THE 
SAFETY  OFFICER. 


The  following  list  identifies  the  assorted  materials  and  miscellaneous  equipment  that  are  required  to  k 

repair  typical  edge  closure  damage  on  honeycomb  sandwich  panel  assemblies.  Refer  to  section  4.2  li 

for  specific  materials  identification.  Refer  to  section  8.0  for  more  detailed  information  concerning  ■) 

tools  and  equipment. 


Materials 

Adhesive,  core  splice  foam 
Adhesive,  film 
•Adhesive,  paste 
Aluminum  honeycomb  core 
Aluminum  sheet 

('heesecloth,  bleached,  4-ply  pads 

Chromate  conversion  coating 

Cleaner,  alkaline 

Cloth,  bleeder 

t loth,  fiberglass,  181  fabric 

Cloth,  rumple,  purified  polishing  fabric 

Film,  release 

Film,  vacuum  bagging 

Paint,  finish 

Paper,  wrapping,  wax-free 
Phenolic  sheet,  0. 1 25-inch 
Potting  compound,  core  and  dent  filler 
Primer,  adhesive 

Primer,  sealant,  aerodynamic  smoother 
Putty,  vacuum  seal 
Sealant,  aerodynamic  smoother 
Solution,  surface  preparation 
Solvent,  nonchlorinated  (for  titanium) 

Solvent,  cleaning 

Tape,  aluminum  foil  0.004  (for  aluminum) 

Tape,  double-backed 
Tape,  lead  foil  (for  titanium) 

Tape,  masking,  hi-temp 
Tape,  plastic  film,  nylon 
Titanium,  sheet 

Water,  distilled  or  demineralized 
Tools  or  Equipment 
Abrasive  pads,  nonwoven,  nylon 

Abrasive  cloth  or  paper,  wet  or  dry,  180,  220,  520,  and  400  grit,  aluminum  oxide 
Aspirator,  vacuum 

Air  supply,  00  to  200  psi  (w/pressure  regulator,  filter,  and  oil  trap) 
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Blanket,  insulation 
Blanket,  heater,  electric 
Brush,  acid,  3/8-  hy  I -inch 
Brush,  paint,  short  bristle.  1-1/2-inch 
Clamps,  C-type 

Containers,  mixing,  polyetliylene 

Controller,  electrical,  Variac  or  power  stat.  adjustable,  ac 
Drill  motor,  pneumatic  or  electric  (explosionprool'  in  fuel  areas) 

Emery  cloth,  150,  320,  and  400  grit,  aluminum  oxide  (for  titanium) 

Fillet  gun.  sealant 

Gage,  air  pressure.  1 00  psi 

Gage,  vacuum,  32  in.  Mg 

Gloves,  heat  insulating 

Gloves,  white,  cotton  fiber 

Gloves,  rubber  or  neoprene,  surgeons’ 

Heat  lamps,  200  to  350  watt  (explosionproof) 

Hose,  vacuum  w/fittings 
Knife,  core  cutting 
Knife,  putty 
Knife,  pocket 
Micrometer,  deptli 
Micro  stop,  drill 
Pen,  ink  marking 

Power  supply,  1 1 5 volt,  60  cycle,  ac 

Pre.ssure  plate.  0.125-  and  0.250-inch  aluminum 

Probes,  vacuum,  connector 

Pyrometer.  0^’  to  400^’  F,  automatic  recording 

Router  bits,  assorted  sizes 

Router  motor,  pneumatic  or  electric  (explosionproof  for  fuel  areas) 
Router  templates 
Safety  glasses  or  shield 

Saw,  reciprocating,  pneumatic  or  electric  (explosionprool  for  fuel  areas) 
Scribe 

Spatula,  wood  or  metal 
Tin  snips,  metal  cutting 
Vacuum  cleaner,  industrial  or  hand-type 
Vacuum  source 

Wire,  thermocouple,  type  J or  equivalent 


6.7.1  EDGE  CLOSURE  REPAIR  PROCEDURE 


This  repair  method  is  applicable  to  the  type  of  panel  edge  treatment  shown  in  figure  6-38.  The 
doubler  against  the  exterior  skin  may  be  bonded,  machined,  or  have  a chem-milled  step.  In  either  of 
the  latter  cases,  an  equivalent  build-up  of  the  area  with  bonded  doublers  for  the  repair  is  usually 
expedient  and  adecjuate. 


The  steps  for  the  repair  of  this  type  edge  configuration  are  as  follows: 

1.  Inspect  the  damaged  area  closely  to  determine  the  damage  boundary.  Damage  assessment 
methods  are  discussed  in  section  2.0. 

2.  Lay  out  a cutting  pattern  for  the  area  where  the  damaged  material  is  to  be  removed.  The 
material  removal  pattern  and  the  general  repair  sequence  is  shown  in  figure  6-39. 

Remove  material  to  a minimum  of  0.250  inch  beyond  the  edge  of  the  damage  to  ensure  that 
all  the  damage  has  been  included.  Allowances  should  be  made  for  adequate  splice  overlaps. 

This  should  be  a minimum  of  1.0  inch  or  as  specified  by  the  responsible  maintenance  engineer. 

3.  If  a standard  size  router  template  is  not  available  and  it  is  necessary  to  fabricate  special  templates 
(see  instructions  outlined  in  sec.  8.1.1). 

4.  Position  the  router  template  on  the  panel  and  hold  in  place  with  double-backed  tape  as  shown 
in  figure  6-40. 

NOTE;  C-clamps  may  be  used  at  the  panel  laminated  outer 
edge.  Protect  the  aluminum  surface  by  inserting  an 
aluminum  strip  between  the  C-clamp  anvil  and  the 
‘ panel  surface. 


Figure  6-40.  -Application  of  Router  Template  to  Repair  Area 


5.  llsinj:  a suilalilo  electric  or  air-operated  roiitini:  tool  and  cutter,  remove  the  material  from  the 
damafiod  area.  Necessary  precautions  should  he  taken  to  avoiil  exlendiiif;  the  damaf’c  diirini: 
this  operation.  I'his  is  especially  a prohlem  when  the  panel  is  bonded  with  a hii:h  temperature 
adhesive  system  that  has  low  ilelaminalicm  resistance.  Do  not  remove  the  previously  cured 
adhesive  from  the  metal  surl'ace.  I'he  adhesive,  if  it  has  not  been  damaged  by  moisture, 
provides  an  excellent  surface  for  bondiii!;  the  replacement  material. 

WARNING:  WEAR  AN  EYE  PROTECTION  DEVICE  DURING 

ANY  METAL  C UTTING  OR  ROUTING 
OPERATION. 

(v  Remove  the  routint:  tool  ami  prepare  the  router  template  for  rework  for  next  router  cut. 
Einure  b-41  shows  the  finished  primary  cutout. 

7.  Reposition  the  reworked  router  template,  ecnterinp  it  over  the  primary  cutout  (see  fiti.  n-42). 
llolil  in  place  with  double-backed  tape  and  C clamps.  Observe  the  note  for  eye  pniteetion. 

8.  Reset  the  router  bit  to  the  outer  skin  thickness  to  cut  the  skin  only  IX)  NOT  cut  into  ediie 
doubler. 
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Roposition  the  router  motor  on  the  template,  follow  the  pattern,  ami  cut  throuiih  the  outer 
skin.  Ren)ove  .skin  (see  note). 

NOTH;  It  may  be  necessary  to  lower  the  adhesive  peel  strength 
by  ap(ilication  of  carbon  dioxide  (dry  ice). 

10.  fabricate  two  pieces  of  1 /H-  \ 1-inch  aluminum  strips  to  act  as  spacers  and  locate  tliem  next 
to  the  router  edge.  See  figure  (i-43.  Use  double-backed  tape  to  hold  the  sp.icers  in  position. 


1/8-  bv  1-in.  aluminum 


Figure  6-43.  -Layout  for  Router  Removal  of  Edge  Doublers 


1 1.  Reset  the  router  depth  to  the  skin-plus-doubler  thickness.  .Setting  the  router  bit  next  to  the 
spacers,  route  a cut  (hrough  the  doubler  wiilth  in  two  places. 


1 2.  Remove  the  routing  tool  and  template. 


1 3.  Using  a thin  blade  putty  knife,  remove  the  two  short  ends  of  the  edge  doubler,  exposing  the 
skin  surface.  When  core  material  is  removed,  leave  the  two  small  tips  under  the  remaining  edge 
doubler  (.see  fig.  b-44). 


14.  Use  a 220-  and  .3  20-gri(  aluminum  oxide.  inechanical-leKking  sanding  disk  and  an  air  motor  to 
reimwe  (he  remaining  honeycomb  coie  and  kiose  atihesive  from  the  inner  side  of  the  sanilwich 
skins.  Smooth  the  metal  surfaces  having  residual  adhesive  with  fine  abrasive  paper  (400-gril. 
wet  or  dry.  aluminum  oxide)  or  nylon  abrasive  pads. 


Figure  6-44.  -Damage  Removed  and  Area  Ready  for  Prefit  of  Repair  Details 


NOTi;:  DO  NOT  SAND  THROUGH  the  adhesive  on  the  inner  , 

side  of  the  skin.  If  it  is  necessary  to  remove  the 
adliesive,  tor  example  because  of  corrosion,  it  will  be 
necessary  to  reprepare  the  surface  prior  to  bondins; 
as  instructed  in  section  5.0. 

1 5.  Use  air  pressure  or  vacuum  to  remove  dust  or  debris  from  the  repair  area.  Inspect  for  internal 
corrosion  or  moisture. 

NOTH:  IF  MOISTURE  OR  CORROSION  IS  PRESENT. 

ITS  EXTENT  MUST  BE  DETERMINED  AND  I f 
MUST  BE  REMOVED. 


IF  THE  REPAIR  AREA  IS  CON  f AMIN ATED  WH  H 
FUEL  OR  HYDRAULIC  FLUID.  USE  MEK  OR 
ANOTHER  SUITABLE  SOLVENT  AND  A BRUSH  I O 
CLEAN.  BE  SURE  THE  AREA  IS  FREE  OF  ( ON- 
TAMINATION  AND  DRY  BEFORE  PROCEEDING 
WITH  THE  REPAIR. 

lb.  Fabricate  tlie  patch  plates: 

a.  Select  the  material  to  be  the  same  as  the  .sandwich  face  and  doubler  material  that  is  beine 
replaced.  The  page  of  each  detail  should  be  equivalent  to  the  page  of  the  piece  that  is  being 
patched  or  spliced. 
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b.  Cut  the  patch  or  splice  details  to  he  orsulTicient  size  to  allow  for  adequate  splice  overlap. 
This  should  be  a tninimuni  of  1.0  inch  "r  as  specilied  in  the  applicable  aircralt  1 .().  borm 
patch  plates  to  the  necessary  contour  as  required. 

c.  ir  the  nontlush  patch  plate  on  the  panel  interior  or  exterior  exceeds  0.025  inch  in  tliickness, 
bevel  the  edfie  of  one  side  as  shown  in  figure  b-45. 


0 020^®  °®® 

-0.010  in. 

Figure  6-45.  -Beveled  Edge  of  Patch  Plate 

1 7.  Fabricate  the  core  plug; 

a.  Select  the  core  density,  cell  size,  and  alloy  to  be  the  same  as  that  used  in  the  original 
construction.  Aluminum  lioneycomb  core  shall  be  a corrosion-resistant  nonperf  orated 
type.  Instructions  for  cutting  the  core  details  are  given  in  section  b.  1 .2. 

b.  Cut  the  core  details  with  the  ribbon  direction  oriented  in  the  same  direction  as  the  core 
in  the  panel.  Trim  the  edges  of  the  core  to  tit  loosely  in  the  core  cavity. 

18.  Assemble  the  details  and  check  for  proper  fit. 

Id.  Clean  the  core  details  per  .section  5.2. 

• Use  trichloroethane  or  another  suitable  solvent  for  aluminum  core. 

• Use  caution  while  handling  the  core  plug. 

• Play  air  over  the  plug  until  all  odor  of  cleaning  solvent  is  removed.  DO  NOf  damage  the 
cell  walls  with  an  air  blast.  It  is  acceptable  to  carefully  shake  the  core  plug  to  remove  the 
solvent. 

CAUTION:  Clean  White  Cotton  Lintless  Gloves  Shall  Be  Worn 

When  Handling  Clean  Details  or  Adhesive. 

20.  Prepare  the  adhesive; 

a.  Select  the  appropriate  adhesive  film  per  section  4.2.  Observe  pre  autionary  notes  when 
removing  refrigerated  material  from  storage  (sec.  1.2.5).  Do  not  touch  the  adhesive  with 
bare  hands. 
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ti.  C ut  the  required  adhesive  patches  to  size.  The  metal  patch  details  may  be  used  as  cuttinf: 
templates. 

2 1 . (’lean  the  repair  cavity  usin^  cheesecloth  dampened  with  solvent.  Do  not  use  excess  solvent. 
Air  dry  the  area  lor  a minimum  of  1 5 minutes  at  room  temperature. 

22.  Becau.se  of  the  numher  of  details  involved  in  this  repair,  it  is  recommended  that  the  bond  he 
accomplished  in  two  stajies.  The  first  stajie  involves  hondint:  of  the  bottom  metal  details  and 
the  core.  I he  interior  of  the  repair  can  then  be  inspected  and  the  core  surface  sanded  Hush 
before  hondini:  the  final  cover  patches.  I he  details  to  be  bonded  in  the  lirst  stajte  cure  are 
shown  in  figure  (v3d. 

a.  Identify  the  hare  metal  surfaces  on  the  component  that  will  be  adhesively  bonded  durinj: 
the  first  bond  cycle.  Use  polyester  or  aluminum  foil  tape  for  aluminum  or  lead  foil  or 
polyester  tape  for  titanium  to  mask  around  these  areas.  Take  special  care  in  maskini:  all 
existinji  adhesive  bondlines  and  the  core  area  to  prevent  contamination  from  Ihe  surface 
preparation  solutions  or  jiels. 

WARNING;  DO  NOT  ALLOW  CONCENTRATED  MIXTURES 
OR  SOLUTIONS  TO  COME  IN  CONTACT  WITH 
SKIN  OR  CLOTHING.  IN  CASE  OF  ACCIDENTAL 
CONTACT,  IMMEDIATELY  WASH  OFF  WITH 
GENEROUS  AMOUNTS  OF  CLEAN  WATER. 

ALWAYS  WEAR  EYE  PROTECTION  DEVICES 
AND  RUBBER  GLOVES  WHEN  HANDLING 
ACIDS  AND  SOLUTIONS. 

CAUTION;  Once  the  Cleaning  Procedure  Starts.  DO  NOT  Touch 
With  Bare  Hands  or  Contaminate  Any  Surface  to  Be 
Filled.  Coated,  or  Bonded. 

DO  NOT  Allow  the  Surface  Preparation  Solution 
to  Enter  the  Assembly  or  Contact  Any  Previously 
Cured  Adhesive. 

Observe  Requirements  for  a Clean  Environment. 

b.  Prepare  the  bond  surfaces  of  the  panel  and  the  sheet  metal  details  per  instruction  in 
section  5.0. 

c.  Rinse  the  surfaces  thoroughly  with  clean  water.  Litmus  paper  should  be  used  to  ensure 
that  all  trace  of  acid  has  been  removed.  Air  dry  the  surface. 

d.  Remove  masking  tape. 
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23.  Apply  an  adhesive-compatible  primer  to  the  bond  surfaces.  See  section  4.2  for  primer 
selection  and  section  4.3.1  for  application  instructions.  Air  dry  or  bake  the  primer  as  instructed. 

24.  Assemble  the  details  for  the  initial  cure  cycle.  Figure  6-39  shows  an  exploded  view  of  the 
repair  details. 

a.  Obtain  the  previously  cut  adhesive  film  pieces  from  storage.  Observe  precautionary  notes 
regarding  conditioning  of  refrigerated  materials,  (sec.  1.2.5). 

b.  Assemble  the  lower  metal  details  with  interleaving  adhesive  film. 

c.  Obtain  the  core  splice  .idhesive  from  storage.  See  section  4.2  for  material  selection  and 
section  4.3  for  processing  instructions. 

d.  Position  a layer  of  core  splice  adhesive  against  the  edge  of  the  existing  core. 

e.  Fit  the  nontapered  piece  of  core  in  place.  Position  a layer  of  core  splice  adhesive  against 
its  exposed  edge.  Position  the  second  piece  of  core  in  place. 

The  assembly  should  now  be  ready  for  the  first  stage  cure. 

25.  Place  a layer  of  release  film  over  the  part.  The  metal  details  that  are  not  being  bonded  in  the 
first  stage  cure  may  be  used  as  caul  plates  to  hold  the  assembly  in  position.  Using  the  standard 
bonding  procedure  described  in  section  7.1 1.1.  vacuum  bag  the  repair  area  and  cure  per 
requirements  in  table  4-3. 

NOTE:  For  assurance  of  a quality  bond,  heat  must  be  applied 

to  BOTH  surfaces  of  the  .sandwich  when  the  a.s.sembly 
is  thicker  than  1/2  inch. 

26.  After  the  cure  has  been  completed,  debag  the  assembly. 

WARNING:  WEAR  HEAT  INSULATING  GLOVES  WHEN 

HANDLING  HOT  TOOLS  OR  PARTS. 

27.  Inspect  the  core  edges  for  a homogeneous  bond.  If  voids  appear  in  the  bondline,  fill  with 
additional  core  splice  foam  adhesive.  This  may  be  cured  at  the  recommended  temperature 
using  heat  lamps. 

28.  Sand  the  core  surface  flush  with  the  skin  surface.  Remove  the  .sanding  debris  with  clean  dry 
compressed  air  or  vacuum. 

29.  Wipe  the  surface  of  the  core  with  cheesecloth  moistened  with  cleaning  solvent  (reter  to 
section  5.2.  Dry  to  remove  all  trace  of  solvent. 
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30.  Mask  the  core  and  bondlines  to  prevent  contamination  during  preparation  of  the  skin  surface 
for  bonding  the  cover  plates.  Use  polyester  or  aluminum  foil  tape  for  aluminum  or  polyester 
or  lead  foil  tape  for  titanium.  The  skin  edges  may  be  overlapped  by  0.060  ± 0.020  inch  in  the 
area  adjacent  to  the  core.  ReYer  to  figure  6-36. 

31 . Chemically  prepare  the  skin  surface  and  the  surfaces  of  the  cover  patch  plates  for  bonding  per 
instructions  in  section  5.3.  Observe  notes  regarding  cleanliness  and  safety  as  noted  previously 
in  step  22. 

32.  After  the  surface  preparation  is  complete,  apply  the  appropriate  adhesive  primer  per  section 
4.3.1. 

33.  Apply  adhesive  per  section  4.3.2  and  install  the  cover  patch  plates  as  follows: 

a.  Remove  the  previously  cut  pieces  of  adhesive  film  from  storage.  Observe  precautionary 
notes  regarding  conditioning  of  refrigerated  material  (sec.  1.2.5). 

b.  Remove  the  separator  film  from  the  adhesive  and  apply  adhesive  and  cover  plates. 

c.  Secure  the  cover  plates  in  position  with  polyester  or  nylon  fil;n  tape. 

d.  Locate  and  secure  a minimum  of  these  thermocouples  around  the  repair  area. 

34.  Prepare  the  repair  for  bonding  in  accordance  with  section  7.1 1 . 

35.  Cure  the  repair  assembly  per  requirements  for  the  selected  adhesive  system  in  section  4.2. 

36.  Remove  the  bonding  equipment  after  the  cure  cycle  is  complete. 

WARNING:  WEAR  HEAT  INSULATING  GLOVES  WHEN 

HANDLING  HOT  PARTS  OR  EQUIPMENT. 

37.  Remove  excess  adhesive  flash  per  section  7. 1 2. 

38.  Inspect  the  panel  per  section  10.  to  ensure  that  the  repair  quality  is  adequate. 

39.  Seal  around  the  edge  of  the  cover  plates  with  sealing  compound  (refer  to  sec.  4.3.6). 

40.  Apply  finish  per  section  4.3.7  and  applicable  aircraft  T.O. 
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6.8  WEDGE  SECTION  TRAILING-EDGE  DAMAGE 

These  methods  apply  to  the  repair  of  wedge-shaped  sandwich  construction  that  is  typical  at  the  ti^ailing 
edges  of  wing  or  empennage  structure.  The  repairs  are  for  relatively  minor  damage  and  are  subject  to 
size  and  weight  restrictions  imposed  by  the  specific  aircraft  model’s  technical  orders.  Special  care  ^ 
should  be  taken  to  define  the  damage  boundary.  Damage  assessment  procedures  are  covered  in  section 
2.0  and  non-destructive  inspection  methods  in  section  10.0.  When  the  extent  of  damage  is  beyond  the 
scope  of  the  small  area  repair,  repair  or  rebuilding  shall  be  per  the  techniques  outlined  in  section  7.0. 

Repair  procedures  are  presented  for  three  design  configurations.  These  are  ( 1 ) arrowhead  close-out. 
(2)  laminated  edge  close-out,  and  (3)  the  wrap-around  skin  close-out.  The  procedures  are  for  alumi- 
num or  titanium  assemblies.  Refer  to  the  applicable  aircraft  T.O.  for  repair  of  fiberglass  components. 

During  the  repair  activity,  give  special  attention  to  the  following  items: 

WARNING:  OBSERVE  ALL  LOCAL  SAFETY  PRECAUTIONS 

AND  THOSE  DESIGNATED  IN  SECTION  1.3. 

DO  NOT  ALLOW  CONCENTRATED  MIXTURES 
OR  SOLUTIONS  TO  COME  IN  CONTACT 
WITH  SKIN  OR  CLOTHING.  IN  CASE  OF 
ACCIDENTAL  CONTACT,  IMMEDIATELY 
WASH  OFF  WITH  GENEROUS  AMOUNTS  OF 
CLEAN  WATER. 

ALWAYS  WEAR  EYE  PROTECTION  DEVICES 
AND  RUBBER  GLOVES  WHEN  HANDLING 
ACIDS  AND  CLEANING  SOLUTIONS. 

IF  THE  REPAIR  IS  IN  A FUEL  TANK  AREA. 

THE  FUEL  TANK  PRESSURE  SHALL  BE 
RELIEVED  PRIOR  TO  STARTING  REPAIR. 

OBSERVE  OTHER  PRECAUTIONARY 
PROCEDURES  AS  DESIGNATED  BY  THE 
SAFETY  OFFICER. 

CAUTION:  Once  the  Cleaning  Procedure  Starts,  DO  NOT  TOUCH 

or  Contaminate  Any  Surface  to  Be  Filled,  Coated, 
or  Bonded. 

DO  NOT  Allow  Solutions  to  Enter  the  Assembly 
or  Contact  the  Previously  Cured  Adhesive. 

Oliserve  Requirements  for  a Clean  Environment. 
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The  following  lists  identify  the  assorted  expendable  materials  and  miscellaneous  equipment  that  are 
required  to  repair  various  types  of  trailing  edge  damage.  Refer  to  sections  4.0  and  5.0,  respectively, 
for  specific  materials  identification  and  surface  preparation  procedures.  Refer  to  section  8.0  for  more 
detailed  information  concerning  tools  and  equipment. 

Materials 

Adhesive,  core  splice  foam 
Adhesive,  film 
Adhesive  paste 
Aluminum  honeycomb  core 
Aluminum  sheet 

Cheesecloth,  bleached,  4-ply  pads 
Chromate  conversion  coating 
Cleaner,  alkaline 
Cloth,  bleeder 

Cloth,  rumple,  purified  polishing  fabric 

Film,  release 

Film,  vacuum  bagging 

Paint,  finish 

Paper,  wrapping,  wax-free 
Phenolic  sheet,  0. 1 25-inch 
Potting  compound,  core  and  dent  filler 
Primer,  adhesive 

Primer,  sealant,  aerodynamic  smoother 
Putty,  vacuum  seal 
Sealant,  aerodynamic  smoother 
Solution,  surface  preparation 
Solvent,  nonchlorinated  (for  titanium) 

Solvent,  cleaning 

Tape,  aluminum  foil  0.004  (for  aluminum) 

Tape,  double-backed 
Tape,  lead  foil  (for  titanium) 

Tape,  masking,  hi-temp 
Tape,  plastic  film,  nylon 
Titanium,  sheet 

Water,  distilled  or  demineralized 
Tools  or  equipment 
Abrasive  pads,  nonwoven,  nylon 

Abrasive  cloth  or  paper,  wet  or  dry,  1 80,  220,  320,  and  400  grit,  aluminum  oxide 
Aspirator,  vacuum 

Air  supply,  90  to  100  psi  (w/pressure  regulator,  filter,  and  oil  trap) 

Blanket,  insulation 
Blanket,  heater,  electric 
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Brush,  acid,  3/8-  by  1-inch 
Brush,  paint,  short  bristle,  1-1/2-inch 

Clamps,  C-type  ■' 

Containers,  mixinp.  polyethylene 

Controller,  electrical,  Variac  or  power  stat,  adjustable,  ac 
Drill  motor,  pneumatic  or  electric  (explosionproof  in  fuel  areas) 

Finery  cloth,  150,  320,  and  400  prit,  aluminum  oxide  (for  titanium) 

Fillet  pun,  sealant 

Gape,  air  pressua*,  1 00  psi 

Gape,  vacuum,  32  in.  Mp 

Gloves,  heat  insulatinp 

Gloves,  white  cotton  fiber 

Gloves,  rubber  or  neoprene,  surpeons’ 

Heat  lamps,  200  to  350  watt  (explosionproof) 

Hole  saw  assembly 
Hose,  vacuum  w/fittinps 
Knife,  core  cuttinp 
Knife,  putty 
Knife,  pocket 
Micrometer,  depth 
Micro  stop,  drill 
Pen,  ink  markinp 

Power  supply,  1 1 5 volt,  60  cycle,  ac 

Pressure  plate,  0.125-  and  0.250-inch  aluminum 

Probes,  vacuum,  connector 

Pyrometer,  0*^  to  400®  F.  automatic  recordinp 

Router  bits,  assorted  sizes 

Router  motor,  pneumatic  or  electric  (explosionproof  for  fuel  areas) 

Router  templates 
Safety  plasses  or  shield 

Saw,  reciprocatinp,  pneumatic  or  electric  (explosionproof  for  fuel  areas) 

Scribe 

Spatula,  wood  or  metal 
Tin  snips,  metal  cuttinp 
Vacuum  cleaner,  industrial  or  liand-type 
Vacuum  source 

Wire,  thermocouple,  type  J or  equivalent 

6.8. 1 ARROWHEAD  TRAILING-EDGE  REPAIR 

The  method  outlined  below  covers  minor  repairs  to  trailinp-edpc  structure  havinp  an  arrowhead-type 
clo.se-out.  Typical  damage  of  this  type  is  shown  in  fipure  6-4(i. 

The  repair  steps  are  as  follows: 

1.  Apply  maskinp  around  the  repair  area  to  prevent  further  damape  durinp  rework  and  to  contain 
surface  preparation  chemicals.  Use  aluminum  foil  or  polyester  tape  for  aluminum  and  lead 
foil  or  polyester  tape  for  titanium. 
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Figure  6-46.  —Typical  Damage  to  Arrowhead-Type  Trailing-Edge  Close-Out 

Define  the  houiulary  of  the  (.laniageJ  area.  La>'out  a resziilar-shaped  cuttini:  pattern  that  extends 
a mininniin  of  0.25  inch  beyond  tlie  daniaj>e  edge.  See  figure 

Removal  of  the  damaged  area  may  be  facilitated  by  the  use  of  a router  template.  If  a standard 
template  is  not  available,  fabricate  a template  from  0.1  25-inch-thick  phenolic  or  aluminum 
sheet  as  instructed  in  section  8.1.1. 

Attach  the  router  template  over  the  damaged  area  with  double-backed  tape.  Allow  for  the  set- 
back distance  required  for  the  router  collar. 


Figure  6-47.  -Layout  of  Cutting  Pattern  for  Damage  Removal 


I, 


5.  Hsinti  the  router  per  instructions  in  section  8.1.1,  set  the  router  hit  to  the  skin  depth  and  remove 
the  section  ot' damaged  skin. 

C.4UTION;  Care  Must  Be  Taken  While  Removing  the 

Damaged  Material  to  Prevent  Skin  Delamination 
In  the  Adjacent  Area. 

0.  Remove  the  template  and  attach  it  to  the  opposite  side  of  the  panel.  Repeat  the  previous  opera- 
tion to  remove  the  opposing  skin  section. 

7.  llsing  a reciprocating  saw  or  other  suitable  cutting  device,  remove  tlie  damaged  section  ol  the 
arrow  head.  See  figure  P-48. 


Figure  6-48.  -Trailing  Edge  With  Damaged  Area  Removed 


NOTE:  Padded  wedge  blocks  and  C-clamps  may  be  used  to 

apply  pressure  to  the  skin  adjacent  to  the  cut-out  area 
tc)  prevent  delamination.  Care  must  be  taken  to  prevent 
damage  to  the  .sandwich  core  from  excess  clamping 
pressure. 

8.  Remove  the  core  from  the  cut-out  area  with  a core-cutting  knife. 

NOTE:  Steps  5.  (i,  7,  and  8 can  be  completed  in  one  operation 

by  using  a hand-held  router  and  extended  router  bit 
per  instructions  in  section  8. 1 . 

d.  Using  the  reciprocating  saw  (or  alternate  device),  cut  notches  in  the  edges  ot  the  arrowhead 
fitting.  These  should  be  approximately  0..‘'0  inch  deep  by  0.2.“'  inch  wide  and  5^'  oil  the  tore- 
and-aft  cut  line.  See  figure  (i-4d. 


6 73 


Figure  6-49.  -Notches  Cut  in  Arrowhead  Fitting  to  Receive  Replacement  Part 

10.  Use  air  pressure  or  a vacuum  cleaninp  tievice  to  remove  metal  chips  aiul  debris  trom  the  cut-out 
area.  Wear  eye  protective  gogeles  or  a face  shield.  Inspect  lor  evidence  ol  internal  corrosion  or 
moisture. 

NOTE;  If  moisture  or  corrosion  is  present,  its  extent  must  he 
determined  and  it  must  he  removed. 

1 1 . E'ahricate  the  repair  detail.s.  A schematic  of  the  details  i.s  .shown  in  fiiuire  0-50.  Note  that  the 
arrowhead  replacement  insert  does  not  have  the  undercuts  tor  the  skin. 

a.  Select  the  material  for  the  patch  plates  to  he  the  .same  itaite.  alloy,  and  temper  as  that  hein^ 
repaired. 

h.  Lay  out  and  cut  the  two  patch  plates.  The  plates  must  he  of  sufficient  si/c  to  allow  lor  a 
minimum  overlap  of  1.0  inch  or  as  specified  in  the  applicahle  aircralt  1 .0. 

c.  If  the  thickne.ss  of  the  patch  plates  exceeds  0.025  inch,  hevel  the  edite  ot  one  side  per  the 
sketch. 
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Bevel  Detail  Sketch  ) . 

1 1 l alMii.alo  (Ik'  coro  I'lii.u.  SoK'i-'t  llio  coiv  ilonsily,  a-ll  si/o.  ainl  allo\  to  lu'  llu'  sanu-  as  that  usoii  . 

Ill  llti'  ori.einal  lOiistriKtion.  Aliimimmi  Iu'hon comh  sliall  ho  a oorrosion-rosistatit  iionportoratoil  ; 

t\  po. 

a.  Instniotions  loi  oiitliiif!  tho  ooro  ilotails  aiv  oivon  in  sootion  (>.  1 .1.  <'ut  tlio  onro  ilotails 

witli  tlto  toil  rihhon  iliivotion  oriontoil  in  tho  saino  iliiootion  as  tlio  ooro  in  tlio  panol.  1 ho 
ooro  iloptli  sln)nlil  I’o  snoli  tliat  tlio  ooro  sinl'aoo  is  t'lnsh  with  tho  ontor  snrtaoo  ol  tho 
ooniponont  skin.  I riin  tho  oilgos  ot  tho  ooro  to  lit  loosoly  in  tho  ooro  oa\  il\'. 

NO  ri'  : Uso  oaro  in  haiullint:  tho  ooro  phis;  to  provont  ilaniairo. 

I.'.  I'ahrioalo  tho  airowhoad  roplaooiiiont  insorl.  Maohino  a roplaoonioni  sootion  Ironi  a suilahio 

oMrnsion  or  harslook.  Maloh  tho  .'s"  an.o.lo  that  was  out  in  tho  ooni|ionont  arrowhoad  to  prodiioo 
a not  lit. 

14.  .Vssoinhlo  tho  dolails  and  niako  allorations  as  rocpiirod  to  ohiain  propor  lit. 

l.s.  Roniovo  tho  or.i’.anio  rinish  around  tho  oavily  on  both  surtaoos  nsini;  22(1-  to  ,'2(l-i;ril  aluininuni 
oxido  pallor  or  onior\'  ololh.  Polish  with  nylon  abrasivo  pads. 

1(1.  ( loan  tho  ropair  oavily  nsini;  ohoosoololh  danipoiKal  with  solvont.  Ho  not  nso  oxooss  solvonl. 

riON;  ir  (ho  Ropair  .Aroa  is  Contaminatod  With  biiol 

or  Ilvdravilio  I'lnid,  llso  MI'K  orOlhor  Suilahio 
Solvonl  and  a Brush  to  ('loan.  Bo  Suro  tho  .\roa 
is  I roo  ol  ( onlaniinalion  and  l>r\  Boloro  Pro- 
u*o«lin.i>  Willi  Iho  Ropair. 

\ii  .(i\  (It  ICO. I loi  .1  niniininin  ol  I ''  ninintos.il  room  lonipor.iinro 

I \l  MiiN  • in-  Should  Ih-  I ikon  Noi  to  I oiu  h llio  ( loanod 
\r*- 1 I *ie-|il  ni'li  Wlnio  I iiifk-xs  ( ol  loll  ( dm  os 

' p.  M.  iii  I w ill  l>,  idhoM\>'l\  I'olldod 
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od  III. 
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IK.  Propari.'  (he  IhukI  stirl'accs  ol'  the  eomponenl.  the  .sheet  metal  pateli  plates,  and  llie  arrowhead 
replaeement  part  as  instrueted  in  seetioti  5.0.  Rinse  the  surfaces  tlu'nuiehK'  with  clean  w.iter. 

I itmus  paper  should  he  used  to  ensure  that  all  acid  has  heen  removed.  .Air  ilry  the  surtace. 

1‘).  ( lean  the  core  detail  per  section  5.2. 

• I’se  trichloroethane  or  other  suitable  solvents  for  ahmiinutn  core. 

• I'se  caution  while  handlint:  the  core  plu}’. 

• I’l.iN  air  over  the  phii:  until  all  odor  of  cleanine  solvent  is  removevl.  Do  not  dam.ifte  the 
cell  \^.ills  v^ith  an  air  blast  It  is  acceptable  lO  ca  elullv  sliake  the  core  pint-  to  remoxe  the 
•«i>l\  •lit 


Masking  tape 


Overlap  edge 
by  0.060  in. 


Mask  the  core  area 


Cover  the  bondline 
with  1/8  in.  wide 
strip  of  tape 


Figure  6-51.  -Application  of  Masking  Tape  Prior  to  Surface  Cleaning 


Prepare  tlie  ailliesive; 

a.  Seleet  the  apprrtpriale  atihesive  (ilm  and  core  spliee  ailliesive  per  section  4.2.  (Ihserve  pre- 
eaiitioiiary  notes  when  reniovinp  rel’riperateil  material  t'rom  storape  (see.  1.2.5V  Ho  not 
touch  the  adhesive  with  hare  hands. 

h.  Cut  the  required  adhesive  t'ilm  patches  to  si/e.  I'he  metal  patch  plates  may  he  used  as 
cuttinp  templates. 

Remove  maskinp  tape  from  the  repair  area. 

Apply  an  adhesive-compatihle  primer  to  the  hond  surfaces.  See  section  4.2  for  the  primer 

selection  and  section  4.5. 1 for  application  instructions.  .Air  dry  or  hake  the  primer  as  instructed. 

Assemble  the  repair  details  for  hondinp: 

a.  Obtain  the  core  splice  adhesive  from  storage.  See  section  4.2  for  material  selection. 

Observe  precautions  concerning  preconditioning  of  refrigerated  materials  prior  to 
opening  (sec.  1.2.5). 

b.  I’osition  a strip  of  core  splice  adhesive  against  the  edge  of  the  existing  core. 


c.  Fit  the  tapered  piece  of  core  in  place.  Position  a piece  of  core  splice  adhesive  ajiainst  the 
edge  of  the  core  plug  to  mate  with  the  machined  tip  section. 

d.  Place  pieces  of  tape  adhesive  against  the  ends  of  the  arrowhead  fitting  and  press  the 
machined  tip  section  into  place.  See  figure  6-.S2. 

NOTH:  The  machined  tip  section  may  be  heat  tacked  in  place 

using  a hot  air  gun.  DO  NOT  overheat  the  adhesive. 


Figure  6-52. -Assembly  With  Core  Plug  and  Tip  Fitting  in  Place 


e.  Install  the  previously  cut  adhesive  tilm  patches  and  the  two  metal  splice  plates.  Take  specia 
care  not  to  touch  the  especially  prepared  bond  surfaces.  Secure  the  patch  plates  in  place 
with  nylon  tape.  The  assembly  should  now  he  ready  for  cure. 

24.  Prepare  the  assembly  for  bonding  in  accordance  with  section  7.11. 

NOTE;  Special  precautions  must  be  taken  to  prevent  crushing 
of  wedge  sections  during  cure.  Use  support  blocks 
and  caul  plates  as  described  in  section  ‘).(). 

25.  T lire  the  repair  assembly  per  requirements  for  the  selected  adhesive  system  as  noted  in  section  4. 
2b.  Remove  the  bonding  equipment  after  the  cure  cycle  is  complete. 


WARNING; 


WEAR  HEAT  INSULATING  GLOVES  WHEN 
HANDLING  HOT  PARTS  OR  EQUIPMENT. 


27.  Remove  excess  adhesive  flash  (sec.  7. 1 2). 

28.  Nondestriictively  inspect  the  component  per  instructions  in  section  10.0  to  ensure  that  the 
repair  quality  is  satisfactory. 

20.  Seal  around  the  edges  of  the  cover  plates  with  sealing  compound  (refer  to  sec.  4.2  and  4.3.6). 

30.  Apply  finish  per  section  4.3.7  and  the  applicable  aircraft  T.O.  The  completed  repair  is  shown  in 
figure  6-53. 


Figure  6-53.— Completed  Repair  of  Arrowhead-Type  Trailing  Edge 
6.8.2  LAMINATED  TRAILING-EDGE  CLOSEOUT  REPAIR 

This  method  covers  the  repair  of  minor  damage  of  the  type  shown  in  figure  6-54.  The  edge  closure 
design  is  laminated  metal.  The  method  provides  for  either  a flush  repair  on  one  surface  or  a repair 
with  two  nonflush  patch  plates. 

The  repair  steps  are  as  follows; 

1 . Apply  masking  tape  around  the  repair  area  to  prevent  further  damage  during  rework  and  to 
contain  surface  preparation  chemicals.  Use  aluminum  foil  or  polyester  tape  for  aluminum  and 
lead  foil  or  polyester  tape  for  titanium. 

2.  Define  the  boundary  of  the  damaged  area.  Lay  out  a regular-shaped  cutting  pattern  that 
extends  a minimum  of  0.25  inch  beyond  the  damage  edge.  See  figure  6-55. 


riic  type  of  cut  used  to  remove  tlie  ilamat!e  is  dependent 
on  whether  two  nonllusli  patch  plates  or  a nonniish  and 
a Hush  patch  plate  are  to  he  used.  Skelclies  showing  the 
two  ilainaite  removal  schemes  are  shown  in  li^iua's  h-5(\ 
a and  b. 


a.  Damage  Removal  for  Two  Nonflush  Patch  Plates 


b.  Damage  Removal  for  Flush  Patch  Plate  on  One  Side 


Figure  6-56.-Damage  Removal  Schemes  for  Laminated  Trailing  Edge 


3.  Romoviil  of  tlio  ilainaiied  area  may  he  facilitaletl  hy  the  use  ol  a router  template.  11  a staiulan.1 
template  is  not  available,  a teir.plate  may  he  lahrieateil  from  0.1  2.S-iiuh-thiek  phenolie  sheet 
as  instrueteil  in  section  8.1.1. 

4.  Attach  the  router  template  over  the  tlamapeJ  area  with  douhle-hackeii  tape.  .Allow  for  the  set- 
hack  distance  reipiired  for  the  router  collar. 

5.  Usini:  the  router,  per  instructions  in  section  8.1.1,  set  the  router  hit  to  the  skin  depth  and 
amiove  the  section  of  damaged  skin. 

C.ADTION:  Extreme  Care  Must  Be  Taken  While  Removing  the 

Damaged  Material  to  Prevent  Skin  Delamination 
In  the  .Adjacent  .Area. 

Padded  Wedge  Blocks  and  C-C  lamps  Should  Be 
Cscd  To  .Apply  Light  Pressure  To  the  Skin 
Adjacent  To  the  Cut-Out  .Area  to  Prevent  De- 
lamination. Care  Must  Be  Taken  To  Prevent 
Damage  To  the  Sandwich  Core  From  Excess 
Clamping  Pressure. 

0.  Remove  the  template  and  attach  it  to  the  opposite  side  of  the  panel.  Repeat  the  previous 
operation  to  remove  the  opposing  skin  section  and  edge  doubler.  Note  that  it  a Hush  patch 
is  desired  on  one  surface,  a larger  size  cut  must  be  made  on  the  opposite  surface  to  allow  tor 
overlap  of  the  internal  splice  plate. 

Remove  the  core  from  the  cut  out  area  with  a core-cutting  knile.  Cse  a‘320-grit  sanding  disk 
to  remove  the  remaining  honeycomb  core  and  loose  adhesive  Irom  the  inner  side  ol  the  satulwich 
skin  (for  the  Oush-one-side  repair).  Smooth  the  metal  surfaces  having  residual  adhesive  with 
fine  abrasive  paper. 

NOI  E:  DO  NOT  sand  through  the  adhesive  on  the  inner  side 

of  the  skin.  If  it  is  necessary  to  remove  the  adhesive, 
for  example  because  of  corrosion,  it  will  be  necessary 
to  reprepare  the  surface  prior  to  bonding  is  instructed 
in  section  .3.3. 

8.  Use  a vacuum  to  remove  dust  or  debris  from  the  repair  area.  Inspect  for  internal  corrosion  or 
moisture. 

NOTE:  If  moisture  or  corrosion  is  present,  its  extent  must  be 

determined  and  it  must  he  removed. 

If  the  repair  area  is  contaminated  with  fuel  or 
hydraulic  oil.  use  MEK  or  another  suitable  solvent 
anil  a hrusli  to  clean.  Be  sure  the  area  is  tree  ol  con- 
tamination and  dr\’  before  proceeding  with  the  repair. 
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f-Aplodeii  views  sliowins;  Ilie  (.lelaileil  parts  retii'ireii  for  the  repair  are  slunvo  in  fijnire 
i'ahricate  the  sheet  metal  details  as  I'ollows: 

a.  Seleet  the  material  to  he  the  same  as  the  saiuiwieh  I'aee  and  doiihler  material  that  is  heine 
replaeed.  Vhe  siaiie  of  eaeh  detail  should  he  equivalent  to  the  jtaize  of  the  pieee  that  is  heine 
patched  or  splieeil. 

h.  C ut  tile  patch  or  splice  details  to  he  of  sulTicient  si/.e  to  allow  for  adequate  splice  overlap. 
I'his  should  he  a minimum  of  1.0  inch  or  as  specified  hy  the  responsihle  eneineeriii!; 
authority.  Form  patch  plates  t<.)  the  nece.ssarv’  contour  as  required. 

c.  If  the  nonllush  patch  plate  on  the  panel  exterior  exceeds  0.025  inch  in  thickness,  hevel  the 
edire  of  one  side  as  shown  in  fi  uire  o-5S. 

10.  I'ahricate  the  eore  plus;; 

a.  Seleet  the  core  density,  cell  si/.e.  and  alloy  to  he  the  same  as  that  used  in  the  oristinal  con- 
struction. Aluminum  honeycomh  core  shall  he  a corrosion-resistant  nonix>rlorated  type. 
Instructions  for  cuttini;  the  core  details  are  iriven  in  section  tv  1.2. 

h.  Cut  the  core  details  with  tlie  rihhon  direction  orienteil  in  the  s;ime  direction  as  the  core  in 
the  panel.  I rim  the  edsies  of  the  core  to  fit  loo.sely  in  the  core  cavity. 

1 1.  ,\.s.senihle  the  details  and  check  for  proper  fit. 

1 2 Identifv  the  metal  surfaces  on  each  side  of  the  ciimponent  that  u ill  he  adhesiveh  Ivunied  durin.e 
the  repair.  Remove  the  orttanic  finish  from  these  surfaces  usini;  220-  to  ,'20-erit  abrasive  paper. 
Polish  with  nylon  abrasive  pads. 

13.  Clean  the  repair  cavity  usinji  cheesecloth  dampened  with  solvent.  Ho  not  use  excess  solveitt. 

•Air  dry  the  area  fora  minimum  of  15  minutes  at  room  temperature. 

C.AUTION;  Care  Should  Be  Taken  Not  To  Toiieli  the  Cleaneil 
.Area  Except  With  White  Linlless  Gloves. 

14.  Use  aluminum  foil  i>r  polyester  tape  for  aluminum  or  lead  foil  or  polyester  tape  for  titanium  ti> 
mask  around  the  metal  areas  to  he  cleaned  as  shown  in  fiiiure  (i-5^>.  fake  special  precautions  to 
protect  the  existing  hondlines  and  the  core  area  to  prevent  contamination  from  the  cleanin.e 
solutions  or  eels.  Edees  of  the  cavity  and  tlie  hondlines  may  he  overlapped  O.OoO  inch  hy  the 
ta  pe. 

1 5.  Prepare  the  bond  surfaces  of  the  component  and  the  sheet  metal  repair  details  as  instructed  in 
section  5.3.  Rinse  the  surfaces  ihorou.uhly  with  clean  water.  1 itmus  paper  shall  he  used  to 
ensure  that  all  acid  has  been  removed.  .Air  dry  the  surface. 
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a.  Repair  With  Two  Nonflush  Patch  Plates 


1 


I 


b.  Repair  With  One  Flush  Patch 

Figure  6-57.— Schematic  of  Repair  for  Laminated  Trading-Edge  Damage 


1+0.005  in.  —I 
-0.010  in. 
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Figure  6-58.-Beveled  Edge  of  Patch  Plate 


Foil  masking  tape 


/-  Overlap  edge 
/ by  0.060  in. 


Mask  core 


Cover  bondline 


edge  with  strip 


Figure  6-59.- Application  of  Masking  Tape  Prior  to  Surface  Cleaning 
16.  Clean  the  core  detail  per  section  5.2. 

• Use  trichloroethane  or  other  suitable  solvents  for  aluminum  core.  Adhere  to  local 
safety  requirements. 

• Use  caution  while  handling  the  core  plug. 

• Carefully  shake  the  core  plug  to  remove  the  excess  solvent.  Play  air  lightly  over  the 
plug  until  all  odor  of  cleaning  solvent  is  removed. 

NOTH;  Clean  white  cotton  lintless  gloves  shall  he  worn  when 
handling  clean  details  or  adliesive. 
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1 7.  Prepare  tlie  adhesive: 
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Seleet  tlie  appropriate  adhesive  film  and  core  splice  adhesive  per  section  4.2.  Observe 
precautionary  notes  when  removing  refrigerated  mat^erial  from  storage  (sec.  ].2..'s).  Do 
not  touch  the  adhesive  with  hare  hands. 

h.  Cut  the  required  adhesive  film  patches  to  si/.e.  The  metal  patch  jdates  may  be  used  as 
cutting  templates. 

1 Remove  masking  tape  from  the  repair  area. 

U*.  .\pply  an  adhesive-compatible  primer  to  the  bond  surfaces.  See  section  4.2  lor  material  aiui 
4.3. 1 for  application  instructions.  Air  dr>’  or  bake  the  primer  as  instructeil. 

20.  .Assemble  the  repair  details  for  bonding; 

a.  Install  the  lower  metal  patch  plates  with  the  appropriate  previously  cut  adhesive  tllm 
patches.  Take  care  not  to  touch  the  especially  prepared  bond  surfaces. 

b.  Position  a strip  of  core  splice  adhesive  against  the  edge  of  the  existing  core. 

c.  Fit  the  tapered  piece  of  core  in  place.  Position  a piece  ol  core  splice  adhesive  against  the 
edge  of  the  core  plug  to  mate  with  the  edge  doubler  strip. 

d.  Fit  the  edge  doubler  in  place.  I'he  surface  of  the  core  plug  and  the  doubler  should  be 
level  with  the  outer  skin  surface.  See  figure  (i-(i0. 

e.  Install  the  covering  adhesive  film  and  patch  plate.  Secure  the  patch  plates  in  place  with 
nylon  tape.  I'he  assembly  should  now  be  ready  tor  cure. 

f.  Locate  a minimum  of  three  thermocouples  around  the  repair  area  and  fix  in  place  with 
nylon  or  polyester  tape. 

21.  Prepare  the  assembly  for  bonding  in  accordance  with  section  ~.l  I. 

NOTF.:  Special  precautions  must  be  taken  to  prevent  crushing 

of  wedge  sections  during  cure.  I'se  support  blocks  and 
caul  plates  as  ilescribed  in  section  '■LO. 

22.  Cure  the  repair  assembly  per  renuirements  for  the  selecleil  adhesive  system  as  noted  in  section 
4.2. 

23.  Remove  the  bonding  equipment  after  the  cure  cycle  is  complete. 

WARNING;  WEAR  MEAT  INSUL.VTING  GLOVES  WHEN 
HANDLING  HOT  PARTS  OR  EQUIPMENT. 


t 
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!4.  Remove  excess  adliesive  Hash  (sec.  7. 1 2). 


1.^.  Non-cieslriictivel\’  inspect  tlie  componeni  to  ensure  that  the  repair  (iiiality  is  .satisl'actory. 

It).  Seal  arountl  the  edges  of  the  cover  plates  with  .sealing  compound  (refer  to  sec.  4.2  and  4.3.6 
for  material  and  applicatic)n  instructions). 

17.  .Appls’  finish  per  section  4.3.7  and  the  applicable  aircraft  I'.O.  Hie  completed  repair  is  ^hown 
in  figure  6-6 1 . 


Figure  6-60.— Assembly  With  Lower  Splice  Plate,  Core  Plug,  and  Edge  Doubler  in  Place 


O.S.3  WRAP-AROUND  TRAILINC-LIK.L  RtPAlR 

! his  s\.ction  provides  instnietion  tor  the  repair  of  minor  damage  to  wrap-aroimd-tyne  trailing  edge 
strueture  sueli  as  is  shown  in  fignj-e  (i-h2.  General  notes  regarding  this  repair  method  are  given  at 
the  heginning  of  tliis  section  i(i.8).  Additionally  refer  to  the  heginning  of  this  section  for  precaution- 
ary notes  and  the  listing  of  required  repair  materials,  tools  and  equiptnent. 


Figure  6-62.— Typical  Damage  to  Wrap-Around-Type  Trailing  Edge  Close-Out 


riie  rei’air  steps  are  as  follows. 


1.  Define  the  houndary  of  the  damaged  area  (appK  ing  coordinate  lines  ma\  he  helpful  during 
assembly ). 

2.  Lay  out  a regular-shaped  cutting  pattern  that  extends  a minimum  of  0.25  inch  hc\ond  the 
damage  edge.  See  figure  h-48  or  h-5(i. 

Removal  of  the  damaged  area  may  he  facilitated  h\'  the  use  of  a router  template.  If  a standard 
template  is  not  availahle.  a template  ma\'  he  fahricatcel  from  0.1  25-inch-thick  phenolic  or 
aluminum  sheet  as  instructed  in  section  8.1.1. 

4.  Attach  the  router  template  over  the  damaged  area  with  douhle-hackcd  tape.  .Mlow  for  the 
set-hack  distance  reijuired  for  the  router  collar. 
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5.  Using  the  router,  per  instructions  in  section  8. 1 . 1 . set  the  router  bit  to  the  skin  depth  and 
remove  the  section  of  damaged  skin. 

CAUTION;  Extreme  Care  Must  Be  Taken  While  Removing 

the  Damaged  Material  To  Prevent  Skin  Delamination 
In  the  Adjacent  Area. 

Padded  Wedge  Blocks  and  C-Clamps  Should  Be  Used 
To  Apply  Light  Pressure  To  the  Skin  Adjacent  To 
the  Cut-Out  Area  To  Prevent  Delamination.  Care 
Must  Be  Taken  To  Prevent  Damage  To  the  Sand- 
wich Core  From  Excess  Clamping  Pressure. 

6.  Remove  the  template  and  attach  it  to  the  opposite  side  of  tiie  panel.  Repeat  the  previous 
operation  to  remove  the  opposing  skin  section  and  edge  doubler.  Note  that  if  a flush  patch 
is  desired  on  one  surface,  a larger  size  cut  must  be  made  on  the  opposite  surface  to  allow  for 
overlap  of  the  internal  splice  plate. 

7.  Remove  the  core  from  the  cut-out  area  with  a core-cutting  knife. 

NOTE;  Steps  5,  6,  and  7 can  be  completed  in  one  operation 
by  using  a hand-held  router  and  an  extended  bit. 

8.  Use  a vacuum  to  remove  dust  or  debris  from  the  repair  area.  Inspect  for  internal  corrosion  or 
moisture. 

NOTE;  If  moisture  or  corrosion  is  present,  its  extent  must 

be  determined  and  it  must  be  removed.  (See  sec.  7.3.5 
for  instructions.) 

If  the  repair  area  is  contaminated  with  fuel  or  hydraulic 
fluid,  use  MEK  or  another  suitable  solvent,  and  a brush 
to  clean.  Be  sure  the  area  is  free  from  contamination 
and  dry  before  proceeding  with  the  repair. 

9.  An  exploded  ' lew  of  the  detailed  parts  required  for  repair  is  shown  in  figure  6-63.  Fabricate 
the  sheet  metal  patch  plate  as  follows; 

a.  Select  the  material  to  be  the  same  as  the  sandwich  face  material  that  is  being  patched. 
The  gage  of  the  patch  plate  should  be  the  same  as  that  of  the  skin. 

b.  Lay  out  and  cut  the  patch  to  be  of  sufficient  size  to  allow  for  adequate  edge  overlap. 
This  should  be  a minimum  of  1.0  inch  or  as  specified  by  the  responsible  engineering 
authority. 

c.  If  the  patch  plate  exceeds  0.025  inch  in  thickness,  bevel  the  edge  of  one  side  as  shown 
in  figure  6-64. 
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Figure  6-63.  — Trailing- Edge  Damage  Removed  and  Repair  Details  Prepared 


0.020 


■t-0.005  in.  J 


1 
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-0.010  in. 

Figure  6-64.— Beveled  Edge  of  Patch  Plate 


(.1.  Form  the  patch  plate  to  a railiiis  anil  angle  to  match  the  outer  surface  trailing-eilge  contour. 

Be  sure  tlie  edge  bevel  is  on  the  outside. 

10.  Fabricate  the  honeycomb  core  plug: 

a.  Select  the  core  density,  cell  size,  and  alloy  to  be  the  same  as  that  used  in  the  original 
construction.  Aluminum  honeycomb  shall  be  a corrosion-resistant  nonperforated  type. 

b.  Instructions  lor  cutting  the  core  details  are  given  in  .section  b.l  .2.  ('ut  the  core  details 
with  the  foil  ribbon  direction  oriented  in  the  same  direction  as  the  core  in  the  panel.  Fhe 
core  depth  should  be  such  that  the  core  surface  is  flush  with  the  outer  surface  of  the 
component  skin.  Trim  the  edges  of  fhe  core  to  (It  loosely  in  the  core  cavity. 

NOTF:  Use  care  in  handling  the  core  plug  to  prevent  damage.  ' 

i 

c.  Select  and  prepare  a potting  compound  as  noted  in  section  4..T4. 

I 

] 

d.  Fill  the  core  plug  trailing  edge  cells  for  a width  of  one  inch  with  the  prepared  potting  i 

material.  Cure  per  the  requirements  in  section  4.2.  ' 
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0.  Al'tor  the  fine  is  complete,  sami  tlie  siirlaces  smootli  aiul  railius  tlie  trailint;  eiliie  to  malcli 
the  outer  raJius  of  tlie  ilamai'eci  compotienl. 

f.  llse  a vacuum  cleaiiin.ii  ilevice  to  remove  the  saiuliti^i  liehrls. 

Assemble  the  details  aiul  check  for  proper  fit.  ' 

Continue  the  repair  sequence  for  the  laminated  trailinti-ediie  repair  in  section 

items  14  through  27.  I'he  detail  assembly,  after  installation  of  the  core,  is  shown  in  fijmie  (>-(>5. 

I'he  completed  repair  is  shown  in  fipure  (>-66. 


Figure  6-65.  — Trailing-Edge  Repair  With  Core  Plug  in  Place 


Figure  6-66.— Completed  Repair  of  Wrap-Around— Type  Trailing  Edge 


6.9  MfcTAL-KVMFTAL  LAMINATbl)  RI  PAIRS 


Ihesc  rcpi'irs  arc  lor  relatively  minor  damage  aiui  are  siihjeel  to  vi/e  arul  weigiil  reslnelions  imposed 

by  tlio  uppbcublo  uircrult  locluiiciri  orilors,  Spociul  euro  sh<>iHii  bo  tukon  li*  ilolino  llio  ilunuijit  [ 

bomutury,  ospooiully  if  oorrosion  is  tlio  oaiiso  ot'ilumuf’o  to  tho  luniinulo.  Duniago  assossiuont 

prooodiiros  aro  oovoroil  m sootioti  1.0  ami  mxulosiriiolivo  inspootion  inolluKls  in  sootion  10.(1.  Whon 

(ho  oxtont  oCJamajio  is  major  ami  boyoml  (ho  soopo  of  small  aroa  lopairs,  oonsKloratioii  sluniUl  bo  , 

>:ivoii  to  roplaoiiii:  Iho  lamiiialo  with  a now  ono. 

Proooiiiiros  aro  oiitlinoii  ti>  ropair  ilama^to  infliotoil  on  a two-  throo-.  or  Imir-layoroii  laminato  ami  to 
oithor  oilgo  or  miilpanol  ilamaito. 

Sootional  viows  in  lijiuros  (>-(>S,  ami  imlioato  typos  ol  lopairs  that  may  bo  iisoil  at  tho  oiljii. 
of  a laminato  or  in  tho  mulpanol  paitol  aroa. 


Plug 


patch 

plate 


Figure  6-67.-Delamination  of  Double-  or  Triple- Layered  Laminate  and  Typical  Repair  Scheme 


Figure  6-68.-Dented  Skin  and  Typical  Repair  Scheme  With  Nonflush  Patch  Plates 
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Figure  6-69.— Schematic  of  Repair  for  Dented  Skin  With  Typical  Repair  for  Aerodynamic 
Smoothness 


During  Iho  repair  iietivity,  givespeeial  atlenlion  to  the  Collow  ing  items: 

WARNING.  OBSERVE  SAFETY  PREC  AUTIONS  DESIGN  ATED 
BY  LOCAL  REGUL  ATIONS  AND  I HOSE 
NOTED  IN  SECTION  1..L 

DO  NOT  ALLOW  CONCENTRATED  MIXTURES 
OR  SOLUTIONS  TO  C OME  IN  CONTACT 
WITH  SKIN  OR  CLOTHING.  IN  CASE  OK 
ACCIDENTAL  CONT  ACT,  IMMEDI  ATELY 
WASH  OFF  WITH  GENEROUS  AMOUNTS  OF 
CLEAN  WATER. 

ALWAYS  WEAR  EYE  PROTECTION  DEVICES 
AND  RUBBER  GLOVES  WHEN  HANDLING 
ACIDS  AND  SOLUTIONS. 

IF  THE  REPAIR  IS  IN  A FUEL  TANK  AREA. 

THE  FUEL  TANK  PRESSURE  SHALL  BE 
RELIEVED  PRIOR  TO  STARTING  REPAIR. 
OBSERVE  OTHER  PREC  AUTIONARY 
PROCEDURES  AS  DESIGNATED  BY  THE 
SAFETY  OFFICER. 

CAUTION:  Once  the  Cleaning  Procedure  Starts.  DO  NOT 

TOUCH  or  Cont.'iininate  .Any  Surface  To  Be 
Filled.  CTiated,  or  Bonded. 


i 
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C'Ali  riON:  IK)  NOT  AlUiw  Solutions  1\>  I-.nliT  tlie  Assi*nil)ly 

or  Tontuci  tin*  Prcvitmsly  Turcil  Ailhosivc. 

Ohservo  Retiuin.*.mMits  I'or  Clean  environment. 

The  t'ollowini:  lists  iiuliule  the  iilentit'ieation  of  materials,  tools,  ami  e<iiiipment  iieeilei!  lor 
int:  the  repairs  ileserihevi  in  this  section. 

Materials 

.Ailhesive.  film 
.‘\ilhesive.  paste 
.Miimimim  sheet 

Cheesecloth,  hleacheil,  -1-t'ly  parls 
Chromate  conversion  coatinj; 

( leaner,  alkaline 
Cloth,  hleeiler 

CUrth,  rumple,  purifieil  pr>lishini;  tahne 

Film,  release 

Film,  vacuum  hajigini; 

P,unt,  finish 

Paper,  wrappmi:,  wa.x-free 
Phenolic  sheet,  0. 1 25-incl) 

Primer,  ailhesive 

Primer,  sealant,  aeroilynamic  smoother 
Putty,  vacuum  seal 
Sealant,  aeroilynamic  smoother 
Solution,  surface  preparation 
,Solvent,  nonchlorinateil  (for  titanium) 

Solvent,  cleaning 

Tape,  aluminum  foil  0.004  (for  aluminum) 

Tape,  ilouble-backeil 
Tape,  leail  foil  (for  titanium) 

Tape,  maskint;,  hi-temp 
Tape,  plastic  film,  nylon 
Vitanium,  sheet 

Water,  ilistilleil  or  ileminerali/.eil 
Tools  or  tijuipmcnt 
Abrasive  pails,  nonwoven,  nylon 

Abrasive  cloth  or  paper,  wet  or  ilry,  1 SO.  ::0,  .):0.  ami  400  grit,  aluminum  oxiile 
Aspirator,  vacuum 

.Air  supply.  ^*0  to  100  psi  (w 'pressure  repulalor.  filter,  ami  oil  trap) 

Blanket,  insulation 
Blanket,  heater,  electric 


1 
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HriiOi.  .u  ul,  .V?'-  l-iiioli 

Hnisli,  pjiiii,  sliDri  hristlo,  l-l/J-nuh 

Hmiiishmn  loi'l.  inol.tl  or  pl.olK 

(.'l.iiiip>,  ( '-t\  pi‘ 

C oi>t.iii\or\,  miMiig,  polycthylciK' 

I'ontiolloi,  ctoi.liK;'l,  N ariac  v'l  power  .nljiisl.il'le.  .le 
Drill  nioloi.  pneimi.UK  or  oloetru  (explosionpu'ol  in  tuel  areasl 
I inerv  elotli,  1 5l),  .'20,  aiul  400  unt.  aluminum  oxulo  ilor  titanium) 
l illot  nun.  sealant 
1 ly  eutter 

(Jane,  air  pressure,  !00  psi 

( i.ine,  v.ieuum.  .'2  in  Mn 

(iloves,  heal  iiisulaliiin 

llloses.  wliile  eollon  tiher 

t Iloves,  ruhl'er  vu  neopiene,  surneons' 

lle.il  l.iinps,  200  to  .'M)  watt  texplosioni'rvH'f) 

Hole  s,iw  .issemt'K 
Hose,  v.ieuum  \s  littinns 
Knile,  putty 
Knife,  pi'ekel 
Mierometer,  ileplli 
Mieromeler,  nai'  Is  pe 
Miero  stop,  Jrill 
I’en,  ink  markinn 

I’ower  supply.  1 15  vv'lt,  oO  eyele,  ae 

Pressure  plate,  0, 1 25-  aiivl  0.250-ineh  alummum 

Probes,  v.ieuum,  eonneetor 

Pyrometer,  0^'  to  400‘’  I',  autom.itie  reeorilinn 

Kmiler  bits,  .issorleil  si/es 

Rr>uter  motiu,  pneumatie  or  eleelrie  texplosimipri'of  I\'i  fuel  areas) 

Router  templates 
S.ifely  glasses  or  sliiehl 

Saw.  ix'eipioealni!;,  pneumatie  oreleetne  (exploMonpri>of  ri>r  fuel  are.is) 

Seribe 

Spatula,  wooil  I'r  metal 
l in  snips,  metal  euttinn 
V’aeuum  eleaner,  iiulustrial  or  haiul-type 
V.ieuum  souree 

Wire,  thernu'eouple,  type  J or  ei)uivalent 

I D TO  ONF  OR  MORF  L.VYFRS  OF  L.\M1N.\TFS 

riiis  type  repair  ean  be  useil  for  miilpanel  repair  aiul  when  eorrosion  between  lav  ers  of  the  laminate 
is  a problem. 

1 . I oeate  the  eenler  of  the  Oamane  area.  I'sinn  a markinn  pen.  mark  ev'orvhnate  lines  at  the  eiln^' 
of  the  ilamane  whieh.  if  extemleil,  wouUl  pass  through  the  Oamane  area  eenter. 
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2.  Mask  off  arouiul  tlie  ilatnago  area  to  prevent  further  surface  ilainaf’e.  Use  aluminum  foil  or 

polyester  tape  for  aluminum  surfaces  or  leail  foil  or  polyester  tape  for  titanium  surlaces.  . 

3.  Lay  out  a router-cuttinii  pattern  that  extends  a minimum  ol  0.25  incli  heyoml  the  damajieil  area  ii 

tsee  fig.  If  a staiulanl  stock  router  template  is  nonexistent,  make  a template  per 

instructions  in  section  S.  1 . 1 . 

4.  rape  the  router  template  in  place  over  the  damage  area  using  double-hacked  tape.  .Align  with  ' 

panel  eilge  ami  coordinate  lines  for  p(Kition. 

5.  Select  a router  assembly  and  router  bit.  Adjust  the  bit  to  the  proper  cutting  depth.  Make  the 
router  cut. 

NOTH:  If  the  damage  extends  to  all  the  laminate  layers 

the  first  routed  cut  may  be  a through-cut  as  shown  j 

in  figures  b-b8  and  b-b^).  ! 

b.  Reset  the  router  ilepth  for  the  second  cut  if  required  as  shown  in  figure  b-''0.  This  requires 
that  the  first  router  templates  be  removed  and  replaced  with  a new  template  that  includes 
allowance  for  the  overlap  dimensir>ns.  Position  the  router  a.ssembly  and  make  the  second 
router  cut. 

7.  Remove  the  pieces  of  damaged  skin.  If  the  skin  does  not  lift  up  by  linger  pressure,  pry  loose 
with  a sharp  chisel  or  knife.  Dry  ice  may  be  used  to  embrittle  the  adhesive  lor  easier  removal 
(see  sec.  7,3,21. 

8.  Remove  any  organic  finish  remaining  arouml  the  cut-out  where  the  patch  plate  will  be  bonded  i 

U'.iing  abrasive  paper  ( 1 80-  or  220-griD.  H'inish  the  surface  with  400-grit  abrasive  paper  or  nylon 

abrasive  pads.  Substitute  emery  cloth  for  abrasive  paper  on  titanium  assemblies. 

d.  Remove  all  sanding  rlust  and  debris  with  a vaciunn  cleaner. 

10.  Fabricate  the  sheet  metal  details: 

a.  Select  the  material  to  be  the  same  as  that  being  repaired.  The  thicknesses  shall  be  the  same 
as  that  of  the  original  material.  If  a single  plug  is  to  be  used  to  mplace  more  than 

one  skin  layer  allow  for  the  eliminated  bondline  thickness. 

b.  Lay  out  the  skin  plugtsl  and  patch  plate(s).  Add  the  required  overlap  dimensions.  Allow 
for  a minimum  overlap  of  l.O  inch  or  as  specified  by  the  responsible  engineering  authority. 

If  the  patch  plate  is  at  the  edge  of  a panel,  add  two  overlap  dimensions  in  length  and  only 
one  to  the  width.  If  the  patch  plate  is  for  a midpanel  repair,  add  the  overlap  dimension 

to  all  sides  or  the  periphery  of  the  plates,  < 

c.  Cut  the  .skin  pluglsl  and  patch  plate(s)  to  size, 

CAUTION;  Cutting  of  Titanium  Details  Requires  Special  Tools, 

Con,sult  the  Proper  Document  For  Projwr  Tools. 

Speeds.  Feeds.  Etc. 
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Sketch  of  Bevel  Detail 


1 1 I'nMit  .ill  ili'l.iiK  to  llu-  .iNsoinl'U  . I run  .is  iK-n'ss.irv . 

I 2.  I’ri'p.iu’  lhi‘  Mirt.iio  of  iho  ik-t.iiK  .iiul  llu-  .ismmuI'K  loi  bonilinu.  KclVr  to  iiistrui lions  in 
soiiion  5..'  lor  .iluiniiniin  .iiul  5.-1  loi  iit.nmiin. 

W \RMM;  IK)  \OI  M l OW  kOM  IM  U vn  1)  MlXTl'Kl  S 

OR  SOU'  HONS  i o comi  in  (.  om  \i  i wi  rn 

nil  SKIN  OR  I I OllllNO  IN  I \Sl  Ol  VC  1 1- 
1)1  NT  VI  CON  I . AC  T.  IMMI  1)1  VTFLV  WASH 
OM  W I I II  C.l  Nl  ROl’S  VMOUNTS  Ol  C LI  AN 

w vn  R 

ALU  VV  S UT  VR  AN  LM  I’ROTI  C'TION  DIMC  I 
AND  Rl’IUH  R C'.LOV  I S WHI  N ILANDLINC. 

VC  IDS  OR  C LI  VNING  SOLUTIONS. 

C VUTION:  OiKO  the  C liMniiii;  IVoiotlnro  Sl;irl.s.  DO  NOT  TOl'C'H 

Willi  Haro  Haiuls  or  C initaniinalo  Vnv  SnrI'aiv  Thai 
Is  To  Ho  l illoil.  Coaled.  Or  Homlod. 

DO  NOT  Allow  .Soliilions  lo  Lnlor  llio  Vssoinhly 
Or  C'tiniaol  Any  Presimisly  Cured  .Adhesive. 

Oliserve  Re<iiiiaMuenl.\  For  a C'Ican  Litviroiinieiil. 

I.'.  I’rep.ire  .iiul  .ipply  the  .idhesive  primer,  film,  or  paste. 

a.  Seleet  the  primer  for  tlie  ehosen  adliesive  system  from  section  4.2  and  appl\  per 
instructions  in  section  4..v  I . Select  the  adliesive  film,  sheet,  or  paste  reiiuired  to  w ithstaiul 
the  particular  service  temperature  and  specified  in  the  applicable  L.O.  Observe  the 
precautionary  notes  when  removin.s;  refriiierated  materials  from  storage  tsec.  1.2.5). 

b.  Unroll  the  adhesive  that  has  been  conditioned  lo  room  temperature.  Cut  and  shape  the 
film  usini;  the  details  as  templates  and  the  instructions  in  section  4..''. 2. 

c.  Assemble  the  met.il  det.iils  .md  adhesive  l.iyers  tor  bonding. 
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14  1 ocitle  a mmimuiu  ol  tliri’O  tlKTinocDiipk’s  ari)uiui  i1k‘  patch  platctsl.  llokl  in  place  with  iiykm 

or  polyester  masking  taiH*. 

15.  Ketnore  the  tape  used  for  protective  iiiaskin):.  , 

1(>.  Apply  1x11:1:111):  materials  per  instructions  in  section  7.1  1 . 

I 7.  Cure  as  instructed  for  the  particular  material  s> stems  m section  4.^.  ' 

IS.  Dehai:  the  asscinhU  alter  the  cure  c\cle. 

WARNI\(;:  WI  AK  Ht AT  INSULATING  C.LOVCS  WHFN 

HANI)LIN(.  HOT  TOOLS  OR  I QIHPMFNT. 

Id,  Inspect  the  honded  repair  per  instructions  in  section  10.0. 

:0.  Clean  the  adhesive  Hash  areas  per  section  ^.1  2.  Wipe  with  clean,  dry  cheesecloth.  | 

21 . Prepare  and  appiv  aeroilynarnic  sealant  per  section  4..C6  or  the  applicable  aircralt  1 .0.  j 

22.  AppK  a replacement  linish  per  section  4.. or  the  applicable  aircralt  1.0.  ! 


7.0  LARGE  AREA  REPAIRS 


7.1  INTRODUCTION 

The  procedures  presented  in  this  section  are  intended  to  serve  as  a guide  for  making  sizable  permanent 
repairs  to  bonded  structure.  A description  of  standard  operations  is  provided  that  will  have  application 
regardless  of  the  particular  aircraft  model. 

There  may  be  limitations  as  to  the  size  or  type  of  repair  that  can  be  made  by  a particular  maintenance 
facility.  These,  to  a large  extent,  are  determined  by  the  availability  of  equipment  such  as  surface 
preparation  tanks,  autoclaves,  or  bonding  tools.  These  limitations  primarily  apply  to  operational 
bases  and  are  specifically  defined  by  the  responsible  ALC  or  other  maintenance  authority. 

In  general,  if  large  area  repairs  are  to  be  satisfactorily  accomplished,  cleaning  tanks,  corrosion  resistant 
primer  application  equipment,  controlled  atmosphere  assembly  areas,  autoclaves  for  pressure  curing, 
and  trained  and  certified  personnel  are  considered  absolutely  essential. 

Hmphasis  should  be  placed  on  making  the  repair  in  a good  workmanship  manner.  Repair  part  details 
should  be  preassembled  prior  to  bonding  to  ensure  proper  fit.  The  bonding  tools  must  be  carefully 
designed  to  hold  the  part  in  proper  contour  and  prevent  slippage  or  crushing  of  the  details  during  cure. 
Special  care  must  be  taken  in  preparing  the  metal  surface  for  bonding.  The  quality  of  the  bond  surface 
to  a large  extent  determines  the  adhesive  bond  strength  and  resistance  of  the  bond  to  environmental 
exposure. 

During  the  repair  activity,  give  special  attention  to  the  following  items: 

WARNING:  OBSERVE  ALL  LOCAL  SAFETY  PRECAUTIONS 

AND  THOSE  DESIGNATED  IN  SECTION  1.3 

DO  NOT  ALLOW  CONCENTRATED  MIXTURES 
OR  SOLUTIONS  TO  COME  IN  CONTACT  WITH 
SKIN  OR  CLOTHING.  IN  CASE  OF  ACCI- 
DENTAL CONTACT,  IMMEDIATELY  WASH 
OFF  WITH  GENEROUS  AMOUNTS  OF  CLEAN 
WATER. 

ALWAYS  WEAR  EYE  PROTECTION  DEVICES 
AND  RUBBER  GLOVES  WHEN  HANDLING 
ACIDS  AND  CLEANING  SOLUTIONS. 

7.2  DAMAGE  EVALUATION 

A careful  assessment  of  the  extent  of  damage  is  an  important  part  of  the  repair  procedure.  First,  it 
allows  a definition  of  the  damage  boundary.  It  is  not  an  uncommc  i occurrence  to  make  a repair  and 
then  find  that  the  damage  has  extended  beyond  the  repaired  area.  Secondly,  the  damage  evaluation 
allows  an  accurate  estimate  of  the  repair  cost  to  be  used  as  a basis  for  the  repair-or-replace  decision. 
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Procoiluros  for  lianuiiie  assessment  are  covered  in  section  2.0.  Nondestructive  inspection  methods  are 
covered  in  section  10.0. 


7..^  DAMAGE  REMOVAL  METHODS 

riiis  section  describes  methods  that  have  been  effectively  used  to  remove  the  damaged  bonded 
material.  If  the  material  is  removed  properly,  the  subse(iiient  repair  can  be  made  more  easily.  Care 
should  be  taken  so  as  not  to  e.xtend  the  damage.  Proper  tools  must  be  u.sed  to  cleanly  cut  the  core. 
Some  adhesives,  especially  those  used  for  high  temperature  applications,  may  peel  (|uite  easily. 

This  is  an  asset  to  removing  damaged  skin  or  doubler  material.  Special  care  must  be  taken,  however, 
to  prevent  the  peeling  from  causing  delamination  beyond  the  repair  boundary. 

It  is  recommended  that  paint  strippers  not  be  used  unless  all  adjacent  areas  that  might  become  con- 
taminated are  carefully  masked,  e.g..  aditesive  bondlines,  open  core  areas,  etc. 

Normally  adhesives  should  be  left  on  surfaces  that  will  be  rebonded  if  the  original  adhesive  appears  to 
be  in  good  condition  and  is  firmly  bonded.  This  will  provide  an  excellent  surface  for  the  repair  bond. 

7.3.1  REMOVAL  OF  SKIN  AND  DOUBLER  MATERIAL 

Numerous  types  of  mechanical  eijuipment  are  available  to  cut.  slit.  rout,  or  saw  the  aluminum  or 
itanium  material.  Hcpiipment  commonly  u.sed  includes  the  high  speed  router,  jitter  or  saber  saw,  or 
the  slotting  saw.  These  are  described  in  section  S.  1 .3. 

The  high-speed  router  shown  in  figure  7-1  is  both  convenient  and  versatile.  The  depth  of  cut  can  be 
easily  adjusted.  It  can  be  used  against  a template  to  define  the  cut  outline. 

Typical  router  cuts  to  remove  ilamaged  material  are  shown  in  figure  7-2.  I he  cuts  in  the  figure  were 
made  to  repair  damage  to  the  edge  of  an  F-5  landing  gear  door.  A fiush  replacement  skin  section  is 
to  be  installed  on  the  flat  exterior  surface,  thus  a wider  cut  is  made  on  the  interior  surface  to  allow 
for  installation  of  an  interior  patch  plate. 

I'he  router  template  is  made  of  either  1 /8-inch-thick  aluminum  or  plastic.  It  is  attached  to  the  part 
surface  with  double-backed  tape.  In  making  the  template,  appropriate  allowances  must  be  made  for 
the  diameter  of  the  cutter  and  the  thickness  of  the  guide  bushing  as  shown  in  figure  7-3.  The  width 
of  the  step  cut  for  this  particular  ca.se  is  the  width  of  the  template  plus  the  cutter  diameter  plus 
twice  the  set-back  distance  for  the  guide  bushing. 

After  routing,  the  template  and  double-backed  tape  are  removed.  A beveled  edge  putty  knife  may  be 
used  to  lift  the  edge  of  the  skin.  It  may  then  be  gripped  with  a pliers  or  vise  grips  to  peel  (see  fig.  7-4). 

WARNING:  PULL  SLOWLY.  BE  AWARE  OF  THE  SUDDEN 

RELEASE  AT  THE  END  OF  THE  PULL. 


7-2 


Figure  7-1. -Using  High  SfW'd  Router  to  Remove  Donuigtui  Moteriol 


Wlu’io  11  ts  lU’Ci'vs.n \ ti'  ivnu'NO  i l.ivjii'  sovlioii  ol'  skin.  .111, iin  .1  bovcK'il  oiiiio  I'liIU  kiiilV  »>i  v hisol  in.i\ 
I'o  iisoil  lo  si. Ill  llii’  r.iio  si'p.n.ition.  Hus  is  illiisir.iU'it  111  riiuiio  '-.''.1,  l lu'  skin  is  slunvn  boinii  pooloil 
I'ri'iii  (lio  siirbkv  in  I'li’.iiiv  7-,s|\  If  iho  .nllu'sivo  li.is  tn)',li  pi\  I slronplli,  it  in.i\  bo  holplnl  lo  slit  llio 


skin  in  strips  with  .1  sl^l(lln^:  s.iw  .is  slum  11  in  I'ii'.iiio  "-u.  It  in;i>  llion  t'o  possiblo  to  o.iip  .iiul  pool  llio 
strips  Willi  .1  pilots,  or  llio  slottoil  s.inliiio-o.iii  opoiior-tvi'o  tool  iii.ii  bo  tisoil. 


IJ.l  liSI  01  DRYUl 


Wlion  ilr\'  ioo  (solul  oarbon  liiovulot  is  a(i|'lioil  tv'  tlio  boiivloil  skin  siirl.ioo.  it  toiuls  tv'  oinbiittlo  llio 
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vlr\'  ioo  .iiul  llion  . v'vor  tins  with  .111  insiil.it nip.  bl.inkol  Iv'i  a low  ininiilos.  I'su.ilh  .111  otliorw  iso  iv'iipli 
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WARN  INC.: 


Template 


Double- backed 


Router  assembly 


Guide  bushing 


Cutter  (depth  adjusted  to 
skin  thicknessi 


5 


Staitini)  Skin  Ronioval  With  An  Powtned  Chisiil 


Iv  PBetini]  Sandwich  Skin  With  'Can  OpBiun  ' Tv|>b  lool 
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1 

J 

i , 1 ^ 

In  some  cases  it  may  be  advantageous  to  construct  a special  insulated  enclosure  to  surround  the  entire 
assembly.  A typical  retort  is  shown  in  figure  7-7.  The  damaged  assembly  is  loaded  into  the  retort 
which  is  then  flooded  with  bottled  carbon  dioxide  gas.  The  emitted  gas  is  chilled  to  a dry  ice  condition 
by  its  expansion  to  atmospheric  pressure. 

After  approximately  30  minutes  the  assembly  is  removed  and  the  skin  peeled.  Care  should  be  taken 
in  handling  the  cold  assembly  to  prevent  frostbite  (see  the  previous  warning  note).  Other  methods 
that  may  be  considered  are  the  use  of  liquid  nitrogen  or,  in  some  cases,  the  application  of  heat. 
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Figure  7-7.— CO^  Retort  to  Facilitate  Skin  Removal 


7.3.3  REMOV,\L  OF  CORE  M.ATERI  AL 

Removal  of  light  ilensily  eore  may  be  aeeomplisheil  using  a sharp  pocket  knife  or  putty  knife.  1 he 
procedure  is  illustrated  in  figure  '^-S. 

For  the  condition  shown  in  the  figure,  vertical  cuts  are  made  through  the  core  proceeding  along  the 
edge  of  the  routed  skin.  I'he  knife  is  then  slid  along  the  inner  skin  surface  to  make  the  horizontal 
cut.  The  core  is  removed  down  to  the  adhesive  bondline. 

In  the  case  of  ilenser  core  it  will  be  necessarv’  to  use  machining  techniijues.  A core  removal  operation 
is  shown  in  figure  7-‘).  An  abrasive  disk  is  being  used  with  a portable  higli-speed  air  motor.  A valve 
stem  cutter  may  also  be  effectively  used  for  this  operation. 

Following  removal  of  the  core,  the  adhesive  surface  ma\’  be  smoothed  using  a portable  high  speed 
motor  and  a sanding  disk  (see  fig.  7- 10k  Care  should  be  taken  not  to  penetrate  the  ailhesive  layer  to 
expose  the  base  metal.  After  this  smoothing  procedure  use  a vacuum  cleaner  to  cle.in  up  the  sanding 
dust  and  debris.  Dry  wipe  with  clean  cheesecloth. 
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figure  7 W.-Smoothmg  Adhesive  Surface  With  Ahiasive  Disk 


7.. ?. 4 KIMON  \l  ()1  Sl'KI  \(  i rOKUOSION 

riic  ckiNK'iKC  I’l  on  .in\  p.irl  v'l  sml.uc  in  consulcn.\l  the  s.mic  .is  plusK.il  d.im.ii;c  ,iiul 

imisl  ho  ivmovoil  or  iho  p.iit  lopl.iood  In  ironor.il,  liiilil  oouosion  on  skins,  doiihlois.  oi  stilTonois  o.in 
ho  loinosoil  .mil  tlio  suil.ioo  ivlinistioit.  Ulton  Iho  oimu'skmi  h.is  .kIv.iiuoiI  to  llio  si.ipo  ol  pillin.o  .ntil 
so.ilo,  llio  p.nis  slionki  ho  ropl.iooil  W lion  honov  ooinl'  oi'io  is  .ilYoolod  In  ooiiosuni.  it  loses  its  histoi 
.iitkl  .ippo.irs  nhilo  or  ,mo\  in  ooloi.  In  tnoro  .ulx.inooi!  st.i.nos,  it  hoooinos  hrilllo  .iml  loinK  to  ll.iko 
.iw.iy.  ('ore  oornnto».r to  any  extent  slionUl  he  rept.ioeil  Skins  liavinij  liirht  oorrosion  may  he  treateil 
.IS  follows; 

1.  Ahraile  the  oorroileil  stirf.ioe  with  nylon  .ihr..sive  pads  until  the  oorrosum  rosuliie  is  removed  and 
the  sinfaoe  poltslievi, 

N(tri'  .Vn  aliimimim  oxule  .ihnisive  wheel  may  he  used  prior 

to  the  ahrasive  p.uls. 

'.  I'se  a vaomim  ole.iner  to  remove  all  oorrosion  iliist  aitil  ilehris. 

,v  Uipe  the  abraded  .ite.i  with  olean.  dr\’  oheesei K'th. 

7.. V.S  Rl  MOV  AL  Ol  OROANK  Sl'RI  .AC  l 1 INISHI  S 

In  tieneral.  it  is  recommended  that  the  fimslies  he  removed  meeltaniealh  w itli  evaporative  solvents. 
Strippers  are  dilTieiilt  to  oontaiii  and  oan  oaiise  serious  dama.ee  if  they  penetrate  into  ereviees  or 
.ulhesive  hondlines. 

1 . Removal  of  polyurethane  eoatiiii’s: 

a.  Sand  the  surface  with  nylon  ahrasive  mat  (Mil  -A-'>'>«:>  or  ISO-  to  :00-,i;ril  aluminum 
oxide  paper.  I'inisli  w ith  .hSO-  to -lOth.uril  p.iper. 
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h.  Wipoilrv'  with  (.loan  (.lioosoilolh. 

2.  Ri'iiU'val  I'l  otIuM  ornaiiK  loatm^is 

a.  Moisten  flean  cheeseclotli  with  solvent  aiul  wipe  surlaee  until  I'inish  is  ilissolveii. 

Iv  OrN  w ipe  with  elean  eheeseeh'lh 

Rl MON  Al  OI  MOISTllRl 

IN  C'.IM  R\l  , 11  IS  R1  C'OMMl  NDl  n lllAl  Will  R1  MlMSU'Rl  IS  Dl  IK  IIDINNSAND- 
WU  lU  CIMl’ONl  N 1 . 1 til  ARI  A 111  Ol’lM  1).  INSI'K  I I |)  1 OR  CORROSION.  AND  Rl  I'AIRI  1> 
In  some  eases,  however,  if  no  internal  ilam.i.ne  is  nulieated.  i.e.,  it  it  is  km  \vn  th.it  the  inoistiire  has 
just  entereil  the  panel,  it  may  he  eleeteil  to  smiph  liiul  the  eiitianee  point,  remove  the  moisture  aiul 
reseal.  The  tollowmi:  proeedures  .ire  ineluded  to  .leeoiiiplish  w.itei  lenun.il. 

IVoeciliire  No.  1 

1.  Ill  eaeh  area  where  w.iter  is  touiul,  drill  .i  1 S-ineh-di.i  hole  m the  hotlom  stirl.ue  .it  the  lowest 
point,  nrill  a I N-ineh-di.i  hole  m the  upper  siiil.iee  .it  the  opposite  e\treme  edee  v't  the  w.iter 
.leeimnilation  area, 

2.  Install  .1  heai  olanket*  of  suitable  si/e  and  v.ieiium  hae  .it  the  lower  evireme  end  t>l  the  w.iter 
aeeuimilation  .ire.i,  heal  to  I "'0''  * ID''  1 lor  2 or  hours, 

.C  Cover  the  opposite  1 S-ineh-dia  hole  with  maskm.u  tape 

4.  .Apply  vaeiium  of  up  to  1.^  or  20  inelies  ol  meieiirv  . 

.Allow  pump  tiv  operate  for  approximatelv  .'  to  .s  minutes  with  the  top  hole  ek'sed.  Remove 
tape  from  the  top  hole  and  allow  air  to  enter  foi  approximatelv  minutes.  Replaee  the  t.ipe 
to  elose  off  the  upper  hole. 

C.AIITION:  Damaj’e  to  the  Core  Will  Oeeur  If  the  Upper  Hole  Is 

left  Open  l or  More  1 han  .s  Minutes  With  a N'aeuum 
Applied. 

P.  Repeat  steps  d,  4,  and  5 for  approximatelv  2 hours. 

7.  Stop  heat  and  vaeuum.  Remove  heatini:  method  and  v.ieuum  h.ii;. 


1 


'•'.As  o(itiv>ns.  the  part  may  he  plaeeil  in  an  automatiealiv  eontixdlevl  autoelave  or  an  .iir-eireulatme 
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oven. 


1 


8.  Reinspect.  If  water  is  completely  removed,  proceed  to  next  step.  If  water  remains  in  the  area 
but  is  less  than  when  previous  5 steps  were  last  started,  repeat  those  steps.  If  no  change  after 
third  try,  proceed  with  “Procedure  No.  2.” 

9.  Seal  holes  that  were  drilled  in  previous  steps.  Seal  with  sealant  from  section  4.3.6  which  lists 
mixing  and  handling  instructions. 

1 

Procedure  No.  2 


If  water  cannot  be  removed  by  the  first  procedure  then  resort  to  the  following  as  illustrated  in 
figure  7-11. 

1.  Cut  a hole  approximately  in  the  center  of  the  affected  area,  using  the  following  hole-size  to 
water-diameter  as  a guide: 


Water 

Hole  size 

accumulation 

required 

dia  (inches) 

( inches) 

2.0 

0,75 

3.0 

1.00 

4.0 

1.50 

5.0 

1.75 

6.0 

2.00 

Hole  Cut  in  Lower  Skin  and  Core 


Puncturing  of  Core  Cell*  Vacuum  Bag  and  Heat 

Blanket  in  Position 


Figure  7- 1 1. -Procedure  for  Removal  of  Moisture  From  Honeycomb  Sandwich  Assemblies 
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: M.mut.Ktuu-  .1  piiiKtuniik:  tool  o\  >0  mil  piano  wiiv,  oi  Mimlai  inatmial  isco  lii;.  '’-Ill 

I owilh  punclmo  tlio  lioiK'\a'mb  oou-  cell  walU  containing  waici.  I'nnctnu-  at  the  lowest  point 
possible  witlu'iit  altectiiii;  the  bi'iul  line. 

-4  Install  the  heat  blanket  anil  \acmiin  bac  o\ei  the  attectevl  aiea  (see  sec  11'  1 he  pait  can  also 

be  heateil  in  an  air-cii cnlatine  oven  oi  an  aiitoinaticalU  controllevl  autoclave 

s,  \ppl\  a vaciniin  v'l  15  to  -I'  inches  ot  ineicmv  ami  heat  to  1 '’O''  ' Ub'  1 until  all  the  vvatei  is 
leinovevl  1 his  inav  take  troin  2 to  4 houis 

Stv’p  heal  ami  vaemnn.  Kemove  heal  somce  aiul  vaennin  bae,. 

' Keinspeci  to  make  sine  all  the  vvalei  has  been  lemovevl  It  water  is  not  all  lemoveil.  lepeal 
I'tevioiis  I steps  until  vvaiei  is  ienu'vei.1. 

S.  Repair  the  lu'le  or  cvvre  area  as  necessarv  pei  msiniclioiis  mchuleil  in  the  procevlme  section  (<  t' 

o,  Keseal  the  evlees  it  the  panel  is  ilamae.ed  pei  mstrm lions  m sectu'n  4..vt'  v'l  the  applicable  aii- 

cral'l  1 AV 


' 4 R1  r\lR  M\ll  K1  M SUM.  IION 


Refer  to  sectu'ii  4 D, 


7.5  \N -I’ROk  I SS  gi' AlllV  ASSIIR  A\(  I 

It  must  be  emphasi/evl  that  postrepan  mspecium  methods  .ire  not  siitticienl  to  ensme  that  .i  iin.ihiv 
repair  has  been  accomi'hshed.  1 hesc  meilu'ds  ma\  be  used  to  delect  gross  iletects.  Such  propeilies 
as  a hi.eh  level  v'f  bond  siren.i;lh  or  environmental  dmabihtv . however,  ean  onK  be  contidenllv 
obtained  through  carelnl  step  b\  -step  processing  and  the  use  of  adev|nale  in-process  ci'iitrols.  1 he 
following  IS  a guide  to  iii-process  iiiiahiv  control  steps  that  should  be  taken.  I hese  steps  are  |vailicu 
l.irlv  applicable  to  the  pn'cessiiig  ol  .ihinmumi. 


'.5.1  C.INIRM 

• Ci'iilrol  lest  assemblies  for  .ilmniimm  sluvnid  be  associ.ited  vvith  processing  steps  ralhei  ih.m 
imlividiial  parts. 

• C'vmtrol  should  be  based  on  the  following  pu'cessing  steps; 

a l ank  clean-line  pn'cess 

b.  I’rimer  proeess 
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I'lire  process 


l ank  C'loaii-1  inc  Process  C ontrol: 


1.  Process  one  weiliie  or  peel  test  asseinhly  widi  each  cleatiiiip  load.  I'.se  chaJ  or  nonclad 

details,  l or  a ilescriptioii  ot  the  wediie  test  procedure,  see  section  4.4. 1 . I he  wedge  test  is 
preterred  lor  250^'  !■'  curing  epoxy  ailhesives.  The  peel  lest  ma>  he  useil  loi  .'50^'  I'  curing 
systems.  The  peel  test  is  described  in  Mll,-.‘\-254(>.s. 

2.  I’repare  aiul  i(.lenti{'y  a process  control  ilata  sheet  to  accompain’  the  lest  panel  through  the  test 
evaluation.  Incliule  the  following  information  in  this  form; 

• ( lean-line  load  date  and  time 

• Primer  aiul  ailhesive  lot  and  container  or  roll  laliiiation  ilate 

• Primer  and  adhesive  application  dale  and  time  application  is  completed 

• Primer  drying  identillcalion 

• Cure  identification 

• l est  results  and  disposition  of  load 

•v  Locate  the  test  assemhh'  details  in  a central  location  in  the  cleaning  load  w ith  the  production 
details  distributed  uniformly. 

4.  The  process  control  test  details  should  accompany  the  production  parts  through  all  stages  of  the 
surface  preparation. 

7.5.2  BAKE  OR  CURE  CYCLE  PROCESS  CONTROL 

1 . Identify  the  temperature  and  pressure  charts  with  the  assemblies,  subassemblies,  and  prcicess 
control  test  details  processetl  in  each  particular  bake  or  cure  cycle. 

2.  \’erify  the  acceptabilit\’  of  the  bake  or  cure  cycle. 

7.5.3  EVALUATION  OF  PROCESS  CONTROL  RESULTS 

1.  Clean  line  acceptance  and  rejection  criteria:  If  an\'  one  of  the  wedge  specimens,  using  a standard 
250°  F curing  adhesive,  shows  crack  growth  greater  than  0.75  inch,  or  if  the  average  of  5 
specimens  exceeds  0.25  inch,  after  I hour  exposure  to  I 20^^*  E lOO'V  relative  humidit\’  condi- 

* tions.  recycle  the  corresponding  parts  and  take  corrective  action.  The  peel  specimens  should 
show  lOO'  i cohesive  failure  to  be  acceptable. 

Reject  the  parts  and  take  corrective  action  if  anv  of  the  new  specimens  tail  above  the  limits. 

2.  Record  the  results  and  disposition  on  the  process  control  form. 
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iihl  iiispt-iUi'n  n'siiliv  slioiiKI  voinpK  with  lOipiiiiMiKMils  lor  lioiulod 

vpiMlicil  in  Mil  \ S.v’  '(' ,iiul  Mil -A-S,' 


IIIU  llUi' 


0 I \HUIC  MION  Ol  1)1  I Ml  S 


0 1 Sill  1 I Mi  l \l 


Willt  iIk-  o\>.\'piu'n  ol  the  hoiK'\  eoinh  eoio.  the  mel.il  p.l^l^  \m1I  he  1'ormei.l  usine  eon\ eiition.il  inei  il 
woikiiie  leehnu|ues.  Speei.il  e.ire  in  rei|Liirei.l  m lormme  U’  ohl.iin  .leeepl.ihle  "elONer  lh;in  Nl.inii.irvI" 
toler.iiKes  \llo\s.mee  iiuinI  he  m.ide  tor  ihe  ihiekness  ol'  boiullmes  when  iippheahle. 


Uhere  the  met.il  details  are  eleaned  and  primed  Inil  not  immediateK  bonded  in  an  assembh 
shall  be  wrapped  and  stored  as  noteil  m seetion  I. 


Figure  7-12.-Roto-Peen  Being  Used  to  Form  Small  Sheet  Metal  Detail 


PROCI  SSINC  OF  IIONFYC  OMB  CORF 


riio  l';il>rKati(>ii  of  lioiioycmnli  coii'  ilolails  is  a process  that  must  he  iloiie  earel'ully  heeaiise  ol'  the 
core’s  fragility.  Breveiitm}*  ilamaf'e  re(|iiires  s|H‘cial  consiileration  for  haiullinfi,  processinj:.  aiul  in  usiiif: 
proper  lal'iication  tecliniques.  With  reasonable  care,  core  iletails  can  he  Ibnneil  to  liiniled  radii  ami 
inachineil  to  close  tolerances.  The  availability  of  experienced  personnel  and  properly  maintained 
eipiipinent  is  important.  The  Ibllowinp  general  procedures  concerniiif;  core  liaiidlint;  and  slorafte 
should  he  reftarded: 

• Handle  core  only  when  necessary 

• i>o  not  twist  or  distort  the  core  when  removm.i;  it  lixmi  the  shipping:  container.  IT  possible,  store 
in  the  “as  received”  shipi'iim  containers. 

• Hie  storaiie  and  in-process  hoki  area  should  he  free  of  conlaininatinp  apents. 

• Belbre  use,  core  details  should  he  inspected  lor  corrosion,  etchinp.  or  contamination. 

• All  ei|uipment  coininj:  in  contact  with  honeycomb  core  should  he  free  ol'oils.  (’leases,  dirt,  wa.xes, 
talc,  or  other  contaminants. 

• I’rotective-wrap  all  processeil  core  iletails  that  are  transported  outside  the  controlled  environment 
area. 

• Wear  clean  white  cotton  jtloves  when  handlini:  cleaned  or  surlace-treated  honeyconih  core  details. 

More  specific  (luides  concerninj’  core  handlin;;,  shop  processiii);.  and  custom  purchasint:  are  included 
in  the  rotlowinu  sections. 

Miieliining  Core  l>etiiils 

Small  core  details  may  he  machined  using  portable  tabletop  routing  equipment.  I bis  eiiulpmeni  and 
the  machining  leclmiiiues  are  described  in  section  (v  1 .1. 

Typical  equipment  for  surface-macliining  large  pieces  of  core  is  shown  in  figure  7- 1 .C  The  machine 
sluiwn  has  both  longitudinal  and  cross  rails.  It  uses  a multiple  speed  (7lH)t),  14  000,  and  21  000  rpml 
precision  electric  motor.  I'his  allows  the  operator  to  select  a range  of  cutter  diameters  ( I /2  to 
inches)  while  maintaining  a satisfactory  cutter  iH’ripheral  speed.  The  feed  rale  is  maintained  at  .‘'0  to 
200  feel  per  minute.  I he  culler  is  the  “valve  stem”  or  "bologna  sheer”  type  shown  in  figure  7-14. 

A valuable  accessory  for  use  with  Ihe  core-cutting  machine  is  Ihe  sine  or  angle  plate  (()*'  to  20''  angle) 
shown  in  figure  7-1  5.  The  plate  has  a vacuum  face  and  is  used  for  machining  wedge-shaped  details. 

Several  methods  have  been  used  for  stabilizing  Ihe  thin  core  foils  for  machining.  Among  these  has 
been  to  freeze  Ihe  cells  filled  with  water. 


I 

I 


( 


Usinii  propiM'  cultiii}:  Ii'chiiiipk-s.  tin"  core  can  In-  salislaclorih  machincil  w itlnnit  Poin^  I'illcil.  l Uc 
main  problem  becomes  one  I't' lioUlin.u  the  core  in  position.  This  m.i\  be  acci'niphslual  In  InMiilinit 
nylon  cloth  to  one  honeycinnb  surface.  I'he  core  can  then  be  heUI  to  the  machine  base  In  vacuum. 
The  methoil  for  boiuliti}:  the  cloth  typically  uses  a flat  aluminum  plate  as  a base.  Hus  plate  shouUI 
be  a mitiimum  oft'  inches  larger  than  the  cv'ie  piece  to  be  boiuleil.  The  materials  are  stackevi  as 
slu'wn  in  figure  ^-It'  for  cure.  The  curing  proceiture  is  the  same  as  that  for  lu'iinal  bomling  except 
the  cure  lime  ami  pressure  ( It)  psi)  is  reiluceil. 

I After  curing,  the  bagging  material  is  removeil  aiul  the  core  is  reailv  fi'i  machmmg.  .Mier  machuung, 

I the  nylon  cloth  is  peeleil  from  the  surface.  I'lus  is  mavie  easier  by  placing  the  core  in  .1  ilegreasmg 

L lank,  inii'ii  siile  up,  li'  sv'ften  the  ailhesive.  Teel  v'lT  the  n\  Ion  cloth,  then  b.ike  the  core  tv'  remove 

the  liegreasing  solution, 

it 

J .\nother  melhoil  of  hoUling  the  core  is  by  using  a two-stage  boiuling  operation.  In  the  case  ol  ,1 

typical  irailing-eiige  lab,  this  is  accomplisheil  by  making  a first  cure  b\  boiulmg  the  recl.ingul.u  core 
; block  tv'  one  skin,  the  front  spar,  anil  eiivl  ribs.  I'his  assembh'  isallacheil  to  the  work  bevi  lor 

i machining  by  vacuum  chucking.  The  eitil  ribs  are  iiseil  as  a tempi. ile  tv'  l.iper  the  core  to  proper 

contour  t fig.  7- P). 


Figure  7-13.— Surface  Machining  Honeycomb  Core 


Figure  7- 14.  —Assorted  Cutters  for  Muchining  Honeycomty  Core 


Honoycoml)  Coro  I'ormiii!; 


1 1)0  host  ;i))il  Diosl  VOIS.1I1I0  0(|iiipiiionl  to  loriii  0010  dol.iils  is  i;onoi;ill\  ol  spooial  dosioii  ami  oiiK 
availablo  at  tlio  ooro  labrioator’s  laoilitios.  I ioiiioil  ooro-t\)rniiiii;  oai).  howoxoi,  bo  doDO  with  solootod 
shoot-i))olal-lorniii),o  niaohii)os,  providoil  piopor  pia>oodmvs  aiv  iisod.  I \aiiiplos  of  usablo  ittaohiiios 
aiv  the  I'anihaii)  pyramid  rolld'ii:.  7-|S)or  tlio  ••piiioli”  typo  plato  roll  t fii;.  ‘'-I'))  lia\mi;a  Mil  Tioioiit 
gap  (opoiiiiin)  to  ioooi\o  Iho  ooro  Ihiokiioss.  Aooossorios  iioodoil  to  aooomplish  this  pia'oodiiro  iiioliulo 
111 al-lroaloil  aliimiiiiim  shoots  (oaiil  plalos);  0110  hoavy  |(l,0('.'-iiK  h)  shoot  lor  Iho  lowor  surlaoo  aiiil 
Olio  thill  lO.():()-iiioh)  shoot  lor  iho  ii|>poi  surlaoo.  I>apooal  .■s()2()  is  appliod  to  Iho  ooro  sido  ol  oaoli 
ahiiiiiiiuiii  shoot  to  an  D.O.D-inoh  thiokiioss.  I ho  lolliiw  iiiu  is  a giiulo  li'r  I'oro'loriiiiiii’.  litiiils: 


Coro  doiisilx 

Cp  to  .V  1 
.vl  to  0.1 
I to  S.  I 


Radius  I iiiohos) 

-I'  tiiiu's  Ihiokiioss 
.hi  lilllOs  thioklioss 
•10  tiiiios  thiokiioss 


I ho  roll  loriiiiiif’  proooss  is  aooomplishod  In  a iiiimbor  ol  loro  and  all  tbaok  and  lorih)  passos  Ihrongh 
tho  rolls.  Dopth  is  ohaiijiod  altor  oaoh  pass.  Tins  miiiimi/os  Iho  roll  prossnro  apphoil  by  iho  "lop" 
or  lormiii):  roll.  I ho  ooro  doiisil\’  and  ooro  thiokiioss  doloriiiiiio  iho  doplh  ohaiigo  lor  oaoh  pass. 


Figure  7- 15.  —Sine  Plate  for  Making  Angle  Cuts  on  Honeycomb  Core 


Bleedet  cloth 


PVA  coated  fiberglass  cloth 


Honeycomb  core 


b Mil  adhesive  film 


Vacuum  seal 
putty  — — 


5 Mil  arfhesive  film 


Release  film 


Aluminum  base  plate 


Stack  Up  o*  Materials  to  Bond  Nylon  Stabiliring  Cloth  on  Surface  of 
Honeycomb  Core 


1 

1 

j Wliod  ;i  tori’  ili'Mil  rciichcs  t)u'  limit  ol';)  slriiij;l)t  line  I’li’mi'iil  p;ir;i!li'l  li^  lln'  roll,  ;i  plu’iioiiu’ium 

j Oftiirs  llKit  I'ri'ali's  ;i  syntl;it|it-  rcaftion  fausini’  tlu’  ilotail  to  form  an  olliptical  or  ilishoil  sliape.  If 

>1  tht'  assi'inhh  hi'iiif:  rnpairnd  lias  a shallow  coinponiui  lontoiii , this  syiulasiit'  rfattion  may  ho 

j ailvantafiooiis. 

C'listomi/cil  Purcliasini!  of  Honeycomb  Core 

! I’lirohasin};  honeyoomh  core  may  proviilo  a loss  oxponsivo  mothoil  of  obtaining  finislioil  ooro  dotails. 

:t  I ho  mannt'aotiirors  of  honeyoomh  ooro  have  the  oapahility  to  proihioo  oomplox  oompomul  oonlonrod 

j ilotails.  When  proonromont  time  permits  aiul  ilesijm  ilrawiniis  or  oontoiir  templates  are  available,  it  is 

rooommeniloil  that  cnstomi/oil  purohasinj!  ho  consiiloroil, 

7.7  PREFIT  OF  DET.MLS 

I 

I Prior  to  oloaniii}:  aiul  assembly  for  hoiulin}:.  the  ilotail  parts,  loss  the  ailhesivo,  shonlil  ho  proassomhloil 

in  the  homlin.i;  tool  to  ohook  for  proper  fit.  (.A  ilosoription  of  the  hoiulinii  tool  ilosi.en  and  use  is  ei'on 
in  see.  ‘VO.t 

f Inspootion  of  the  detail  parts  prior  to  hondint;  is  shown  in  I'imire  7-20.  .Ml  surfaoes  should  ho  ohookod 

for,  matiii)’  toloranoos.  Ilandmado  details  should  ho  inspootod  and  ho  froo  of  oraoks,  dents,  oans,  burrs. 


) 


I'r  ilimpk's  Any  unovon  MirliK'c  sinnilit  not  oxv'ooil  0,003  null,  iiuliulin^i  Inins.  IK'l.nIs  lo  ho  hoiuloil 
sluniKl  not  ho  of  stool  stampoO  for  ulontity, 

■Shoot  mol.il  ilot.nis  sluniKI  inato  to  tho  ailjoininj:  siirt'aoo  nsini;  a light  prossuro  1 1 to  ’ psO  1 xtnuloil 
or  in.iolunorl  spar  ohorOs,  littings,  .nul  or  olosnros  shouUI  inatoh  tho  p.irt  oimtonr  whon  5 psi  prossiiro 
is  .ipphoJ.  I ho  inaNinniin  .it.ip  shonUl  not  oxoooil  0.0t)5  null. 

Dot.iil  p.irts  th.il  ilo  not  til  proporh  imist  ho  roworkoO  or  rol'ahrioaloil  prior  to  .issoinhlv . 

Vorifioatinn  I'ilm  aiul  Its  .Application 

In  soino  oasos.  ospooialK  whon  thick  piocos  ,iro  hoin.u  hoiuloil  or  \\  horo  in.iioi  si/o  lop.iiis  .no  hoing 
in.iilo.  it  may  ho  ilirrionlt  to  ilotorinino  it  tho  hoiuting  surl.uos  aro  mating  w ilh  piopoi  lit  In  thoso 
instaiu'os.  tho  iiso  ot  vorit'ic.ition  tilm  (voritilm)  is  noooss.in  I ho  toohnu|iio  iiuoKos  m.ikmg  .i  pio 
onro  with  tho  .ulhosivo  film  saiulwichoil  hotwoon  two  thin  l.isors  of  rolo.iso  film  \ttor  ciiio  tho 
assomhlv  is  t.ikon  apart  ami  tho  film  ox.immoil  for  too-thm  or  too-thick  aio.is  I liu  allous  iliM  iop.in 
oios  to  ho  oorroctoil  hoforo  tho  onro.  I ho  lorifihn  can  ho  lot.imoil  as  a porm.moni  locoul  ol  tho  mating 
snrf.ico  fit. 


Figure  7-18.-Farnham  Roll  Being  Used  to  Form  Honeycomb  Core 
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Figure  7-20. —Prefit  Inspection  Fiior  to  Banding 


1 ■ 

J 

rik-  vcritK'.Hion  t'ilin  may  Ih'  maiio  up  ot  oiu‘  I’ly  oC  (0  mil  nualiCioii  slio)'  ailliosivu  sarulw  Ii  Ir'iI 
Ivlsswii  two  layors  iil'  1-  or  1-1  2-mil  mylar,  pols  viiiyl  nuorirlo  Him  or  moilitieil  lialoliyilro- 

carl'on  imlymor  film.  Hk'  roloaso  film  sliouUi  bo  wiilo  enounli  not  to  iiiliibit  the  froo  How  ot"  tlio 
ailhosivo.  I’u'por  layup  ot"  tho  vorll'ilm  lamiuato  is  impmtaiil.  All  air  is  to  bo  romovod  from  botwoon 
tho  adliosivo  and  tho  roloaso  film. 

riio  UNO  ot  l.imm.iiin,!:  rolls  to  prrHluoo  tho  film  is  prolorrod.  I bis  allows  tho  roloaso  liliu  to  moot  tho 
.ulhosivo  ill  a moving  lino  ooiitaot  and  mimmi/o  air  outrapmont. 

NVhou  l.iid  up  b\  hand,  tho  roloaso  film  is  appliod  to  tho  adhosivo  in  a swoopino  motion,  startmi:  at  tho 
oontor  ot  ono  oiul  and  swoopin.o  tho  hands  mit  altornaloK  to  oaoh  odiio  ( ti.o.  7-2  1 1. 

7.S  SURJ  AC  i;  I’RH’AR ATION  I OR  BONDlNf'. 

I’roparation  I't  tho  motal  surfaoo  for  iHuidini;  is  ono  of  tho  orilioal  ofiorations  in  oblanun.i;  a bimd  that 
is  stronu  and  dur.iblo.  Surfaoo  proparo.tion  molhods  .iro  dosoribod  in  soolion  5.tl.  Spooial  oaro  must 
bo  (akon  to  proroni  tho  olo.inin.!’  si>liiliims  from  ooniaolln.i;  siirroundin.i:  sui  f.ioos.  ospooially  tho 
surfaoo  of  hi.oh  strouiith  stool,  or  from  ontorini:  orovioos. 
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Figure  7-21. -Direction  of  Sweeping  Air  From  Release  Film 


n 


During  llu’  surl'aco  preparation  procoiinrc.  give  special  attention  to  tlie  lollowing  items; 

WARNING;  OBSERVl  ALL  L(X  AL  SAFI  TY  FRFC  Ain  IONS 
AND  THOSE  DESIGN  ATED  IN  SECTION  1..T 

DO  NOT  ALLOW  t ONC  l NTRATI  I)  MIXTCRI  S 
OR  SOLIITIONS  TO  COME  IN  ( ONTAt  T W ITH 
SKIN  OR  CLOTHINC.  IN  t ASE  OE  At  C l 
DENTAL  CONTAt  T.  IMMEDIATELY  W ASH 
OEE  WITH  Gl  NEROCS  AMOUNTS  OE  ( LE  AN 
WATER. 

ALW  AYS  WEAR  LA  E I’ROI  Et  TION  l)EM(  I S 
AND  Kl’BBER  (iLOVES  WHI  N H \M>1  INC. 

ACIDS  AND  SOLUTIONS 

C.AIITION:  DO  NO  I Allow  the  Siirlaee  Preparation  Solutions 

r<»  C.nitael  the  Previoiish  Cnre«l  \tlhesi\e. 

Onee  the  t leaning  Proeeihire  Starts.  DO  NOI 
TOUCH  With  Bare  Haiuls  or  Contaminate  \n> 

Siirtaee  To  Be  Lilleil,  C Oateil.  t»r  Boniletl. 

If  the  Repair  Is  Not  Continueil  Witliin  2 Hours 
Lollowing  Cleaning,  the  Cleaned  Areas  Shall  Be 
Cosereil  I'sing  Clean  Kraft  PaiH'r. 

Clean  White  Colton  Linlless  Gloves  Shall  Be 
Worn  When  Handling  the  .Adhesive  Or 
Cleaned  Details. 

7.‘)  APPLK  A VION  OE  BONDINC.  M ATERLAl  S 

For  instructions  regarding  application  ol  bonding  maten.iU,  reter  to  section  4 tt 

7.10  ASSEMBLY  OL  ( OMPONENTS  EOR  C URE 

The  approaches  described  here  lor  assembling  I'l  the  p.irl  being  rep.iireil  m.i\  be  .ipplieil  li'  either 
large  area  repairs  or  the  small  repairs  described  in  section  (vll. 

In  assembling  the  part  for  cure,  proper  tooling  or  support  I'ivlures  are  an  impoiiani  consider.ilion. 
Vhese  are  required  to  maintain  proper  contour  ol  the  ('art  during  cure,  to  keep  the  ilel.iils  Irom 
shifting  (losition,  and  to  react  the  bonding  (iressure.  It  is  warnevi  that  prof’er  su|i|'ort  tooling  is 
especially  imiiortant  in  the  bonding  of  wedge-sliaped  sections  ti.e..  trailing  edges  li'  keep  the  (larl 
from  collapsing  from  the  horizontal  comixment  of  the  pressure.  .An  illustration  of  this  problem  is 
shown  in  figure  7-22.  The  design  and  use  of  bonding  tools  is  covered  in  section  ^>.0. 
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Figure  7-22. -Wedge-Shaped  Panel  That  Collapsed  in  Autoclave  Due  to  Inadequate  Tooling  Support 


An  outliiu'  of  tho  .Klliosiw  ki\  up  ;iiui  ,issoinM\  of  llu-  ilol.iils  for  ouro  is  as  lollous 

i , Assuml’k’  all  Jotails  m oiu'  looalir’U.  This  shoiiUl  bo  in  a oloan  oontrollcd  aroa  room  poi  Mil  -A- 
ospoiiallr  oonsiruoU'il  for  llio  applioalion  ol  adliosivos  aiul  ikMail  la\-ui\ 

Ronu'w  iho  adhosiw’  from  low  lomporalmv  storapo.  Rooc'iil  llio  limo  ronunal.  Alk'w  ilio 
ailliosi\o  to  roaoli  room  tomporaiuro  bofoiv  unsoalinn  llm  packaeinp.  I his  oouililioninp  oliminalos 
llm  oc’itik-nsalion  of  moistiiro  (>nl('  iho  film.  Bo  snro  iho  propor  ailhosixo  is  solooloil. 

( AliriON:  Haitillo  the  .Vrlhosivo  aiul  (.'loaiunl  t ore  Polails  'Nillt 

t'loan  l.intfroi'  White  (lUwes  Onh  . Haiulle  the 
( leaned  .Metal  Details  B>  (he  I ilpes.  DO  N'OI 
I niioli  theCleanerl  Bond  Siirfaees.  ('onlaminated 
Snrfaoes  Must  Be  Reeleaneil  Brior  to  Bonilinp, 
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1 

‘ 3.  When  the  adhesive  has  stabilized  at  room  temperature,  remove  the  wrapping  and  place  the  roll 

in  a roll  rack  or  on  a cutting  table.  Roll  out  enough  material  to  cover  the  faying  surfaces.  ij 

NOTE:  Observe  which  detail  faying  surface  is  best  to  receive 

the  adhesive  application.  Use  those  surfaces  and  details 
as  cutting  templates  for  the  adhesive  film. 

After  the  adhesive  has  been  cut  and  ready  for  assembly,  repackage  the  adhesive  roll,  seal  the 
package  to  eliminate  air,  and  return  to  low  temperature  storage.  Record  the  total  out  time  and 
subtract  from  the  adhesive  life. 

4.  Use  a similar  handling  procedure  for  the  core-splice  adhesive.  Cut  the  foam  adhesive  1/8  inch 
wider  than  the  core  thickness  to  be  spliced.  Use  a straight  edge  to  hold  down  the  adhesive  and 
to  guide  the  cut.  Cut  enough  strips  to  cover  the  exposed  core  edge. 

’ 5.  After  the  details  are  positioned  against  the  tape,  pre.ss  the  1/8  inch  of  extra  foam  down  into  the 

I core-splice  gap  until  it  is  Hush  with  the  core  surface.  Take  care  so  that  the  adhesive  foam  does 

I not  “roll  down”  into  the  splice  gap  as  the  details  are  slid  into  place.  If  this  occurs,  fill  the  gap 

with  additional  adhesive.  Also  be  sure  that  this  excess  adhesive  has  not  prevented  the  details 
from  seating  properly. 

6.  After  positioning  each  detail,  inspect  for  improper  fit  and  surface  height.  These  are  common 
causes  of  bondline  voids  and  porosity  (see  fig.  7-23). 


Figure  7-23.— Voids  Under  Meta!  Patch  Plate  Due  To  Improper  Fit  of  Details 

1.  Complete  the  assembly  by  adding  the  appropriate  layers  of  film  adhesive  and  metal  details. 
Secure  in  place  with  nylon  film  tape. 

8.  Install  sufficient  thermocouple  wires  to  enable  adequate  monitoring  of  the  assembly’s  cure 
temperature.  Secure  in  place  with  nylon  film  tape  similar  to  above. 

9.  Complete  the  bagging  procedure  as  described  in  section  7.1 1 . 
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7.11  V vriiUM  u A(;i;iN(;  Tt(  hniqui  s in  pri  paration  kor  tmi  c uri  cyc  lp 


n 


“Hasiviiiiv;"  in  nI.iuiI  nil  tonniiioloirv  rotcrrinja  to  tlii'  soaliiti;  of  tlii'  ivp.iiri’il  aroa  I'V  I’liiapNiilaliii!;  it  in 
.m  iinpi’moio  plaNlK'  tilni,  ( oitNoliii.ition  prossinv  may  iIk-ii  ho  ollooIiNoh'  applioil  to  Ilio  assomhiy 
oitlior  In  piillmi’  a \aoimm  on  ilio  soaloil  aroa  or  In  prossuri/ini;  tlio  part  m an  aiitoolavo  aiul  vontins: 
tho  so.iloil  .iro.i  to  the  oxtornal  .itinoNplioro.  l or  tlio  v.iouimi  ouro,  hoatini;  nia\  bo  ohtamoil  nitli 
lio.itinp  hl.mkots  or  In  pl.ioinp  Ilio  asNomhU  in  an  ovon.  In  tho  oaso  of  tho  aiitoolavo.  hoatini-'  in 
inloiiral  with  tho  N\Ntoni. 

Whoro  tho  oiinipinonl  in  .uailablo.  tho  aiitoolaro  ouro  ix  rooonimoiuloil.  1 ho  hiiihor  availahlo  prosNuroN 
mminuilh  pro\Klo  a Nuporior  ipiality  hoiulhno.  I’ionnuion  ol''iainoil  tiy  tlio  \aoiiinn  iiiotlu'il  aro  in  thi‘ 
raniio  ol  S to  1 pNi.  .An  .i  ooinpariNoa.  honos  oonih  aNNOinblios  aro  t\  pioally  onrod  at  pni  in  an  aiito- 
ol.no.  1 aniin.ilON  m.n  ho  oiirod  .it  iniioh  hi.uhor  proNNiiroN.  1 his  v.irioN  dopoiulnm  upon  tho  partioiilar 
.idliONivo  N\  Nioni  .iiul  tho  part  dosi;an. 

Whoro  an  auloolaw  In  not  .nailahlo.  a NaliNl'aotorx  bond  oaii  iiNiialh  ho  mado  iiNin.i:  a \aouuni  pro- 
ooduro.t  .Somo  adhoNivos  do  not  iiivo  NaliNlaotor\  roNultN  with  a roduood  prosNiiro  oiiro.i  ( orl.iin  pro- 
o.iulioiiN  nood  to  ho  l.ikon.  howovor.  1 ho  dol.iil  pariN  should  lit  woll.  .Also,  tho  loiulonox  ol  tho 
v.ioiiiim  to  laloralh  niovo  tho  honoyoonih  ooll  walls  must  ho  roooiuii/od.  In  iionoral.  tho  lollow  ini; 
riilos  appiv  : 

• I IMll  mi  VAC  UUM  PKI  SSUKl  ON  PARI  lAl  1 ^ ICACiC;!  1)  IIOMACOMh  C OMI’OMMS 
OR  ON  ASSl  MIU  n S.UAV1N(:  l.Kilirc ORI  AND  SKINS  TO  S K)  PSl. 

• \ lull  vaoiium  nun  ho  iisoil  lor  oinolopo  (i.o..  lulK  I ha^jaed  assomhlios  that  luno  thiok  skins  and 
ho.ivv  vloiisitv  ooro. 

• Whon  tho  assomhh  is  to  ho  lol't  mulor  \aouum  lor  an  ostondod  poriod  ot  timo.  lor  oxamplo 
ovor  nmhi.  roduoo  tho  prossuro  to  to  (>  psi. 

• W hon  vaouum  is  applioil  to  an  assomhiy  to  ho  oiiroil  in  auti'okno.  as  tho  aiitool.iio  iirossiiro  is 
raisod  to  .>  to  It)  psi,  roloaso  tho  vaouum  on  tho  assomhiy  In  \ontinii  it  to  th.o  oxtorior  atmosphoro. 


1 horo  aro  sovoral  approaohos  that  may  ho  takon  to  ha;a  tho  part.  H'  tho  aroa  hoine  ropairod  is  small 
and  tho  part  ipiito  lariro,  it  may  ho  oasiost  to  soal  onlv  tho  aroa  around  tho  ropair.  In  othor  instanoos 
it  may  ho  nooossarv  to  onrolopo  hai;  tho  ontiro  part.  This  may  or  may  not  ho  done  in  lonjunotion 
with  a hondinu  tool.  .Approaohos  to  tho  haiiiring  proooss  aro  dosorihod  in  paraiiraphs  lollow  in;a  a 
dosoription  ol'  nomonolaturo.  I'lto  follow  ini:  torminolosry  is  eonorio  to  tho  bond  ouro  proooss  and  w ill 
ho  usod  in  tho  suhsoiiuont  disoussion. 

Haj:j>in):;  1 ho  applioation  of  a spooifio  i:roup  of  matorials  nooossary  to  soal  off  a ropair  aroa 

from  amhiont  onviromnont.  1 his  proooduro  is  ossontial  to  obtain  a himdin;^ 
prossuro.  This  is  aohiovod  by  drawini:  a vaouum  or  prossuri/ini:  tho  assomhiy  in  an 
aiitoolavo. 


.An  imporvious  plastio  film  to.g..  nylon.  PVC’.  Mylar.  P\’l',  oto.)  that  oovors  tho 
ropairoil  aro  i or  oomplotoly  onvolopos  Ilio  ontiro  a.ssomhiy.  It  is  iisiialK  2 to  4 
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Ras:i:in!:  film. 


Bleeder  cloth: 

Bond  assenihly  jisi: 

Bridging. 

C aul  plate: 

Fairing: 


Hard  tooling: 
Release  film: 

Soft  tooling; 
Vacuum  probes: 


mils  in  thickness  and  i>  discarded  alter  each  cure  cycle  because  the  plastici/ers 
in  the  film  are  at'I'ected  by  heat,  causing  cracking  and  leaks. 

A porous  cloth  used  to  allow  passage  of  air  or  g.ises  and  to  absorb  excess  adhesive 
flash.  Air  and  gases  How  over  or  around  tlie  assembly  or  repair  to  any  provided 
outlet,  such  as  vacuum  probes  or  vacuum  bayonets,  w hicl;  may  be  open  to  the 
atmosphere  (as  used  in  autoclave  curing). 

I his  IS  the  tooling  used  to  support  the  detail  pari.s  in  proper  contour  during  the 
bonding  process.  Commonly  termed  "B.AJ." 

A condition  in  whicli  bagging  materials,  bleeder  cloths,  or  plastic  films  are  un- 
supported because  of  fit.  gaps,  or  spaces.  These  areas  should  be  plugged,  filled, 
or  covered  with  sheet  metal,  aluminum  tape,  or  caul  plates  to  eliminate  any 
possible  situation  in  which  a “bag  break”  might  occur. 

A support  plate  tliat  is  used  to  distribute  pressure.  It  may  be  used  over  a thin 
skin  that  otherwise  might  dimple  into  the  core  cells.  It  may  be  used  to  bridge 
over  an  area  where  pressure  is  not  desired.  It  may  also  be  used  with  the  assembly 
tool  to  fix  the  part  details  in  place. 

The  matching  of  tool  and  part  to  eliminate  misalignment  that  can  cause  cracks, 
gaps,  or  openings  instead  of  a smooth  transition  from  one  surface  to  another. 
Each  layer  or  ply  of  release  film,  bleeder  cloth,  pla.stic  film.  etc.,  should  be  rolled 
or  stretched  to  a fiat,  smooth  .surface. 

Extrusions,  protrusions,  or  fittings  should  be  protected  by  fairing  bars,  metal 
block.s.  or  channel  filler  bars.  End  closure  ribs  should  contain  filler  blocks  of  the 
same  configuration  to  reduce  pressure  and  to  create  a smooth  transition  to  the 
tool  surface  (see  sec.  ‘^.0). 

Well-built  tooling  made  for  continuous  use  and  high  production. 

Thin  films  produced  from  nonstick  materials,  such  as  FEP.  tefion.  modified 
halohydrocarbons.  PVF,  etc.  They  are  interleaved  between  any  adhesi\  e film, 
resin,  potting  compounds,  or  sealant  and  a surface  not  intended  to  be  bonded. 

Inexpensive,  .short  life  tooLs  that  will  maintain  contour  for  a limited  number  of 
cycles. 

A probe  that  provides  air  passage  through  the  bagging  film.  It  provides  a hose 
connection  for  the  vacuum  line.  A number  of  probe  designs  exist  and  are  com- 
mercially available  (see  sec.  8.(1).  Normally  the  probe  base  is  under  the  bag  film 
and  a rubber  or  silicone  disc  on  the  exterior  surface  acts  as  a seal  (see  tig.  7-24). 


A bayonet-type  probe  is  made  of  copper  tubing,  fitting,  and  bleeder  cloth  which 
extends  under  the  bagging  material  (fig.  7-25). 


Figure  7-24.  — Types  of  Flat  Vacuum  Probes 


X'acmim  si-.il  piitU  . A st.'iiii-i'uri.‘ii  plastii.'  niatorial  tuivinc  Uukiiicss  tor  holiliiiii  aiul  soalini:  tlio  hasriiini; 

Cilm  iluniii;  the  cure  iS  oli'.  Tins  is  ilio  soaliii'.'.  inodiimi  IxMwoon  the  nylon  has 
film  and  Iho  tool  base. 

’.11.1  \ .UTT'M  BAC.C.ING  SLQllLNC'E 


Iho  baiiiiiina  mhiiumko  bosrins  alter  the  repair  iletails  have  been  assembled  and  lived  in  position  and  the 
thennoerniples  have  also  been  attaehed  in  plaee.  It  ei'iuenieni.  the  eomponeni  nuiv  be  positioned  on 
a table  lor  easy  aeeess.  Remove  materials  that  have  been  applied  temporarilv  ii>  prevent  eorrosion  or 
eontamination.  Reeheek  the  visible  repair  details  tor  proper  tit  and  loeatioi 

Position  and  pin  the  I'airin.n  bars  in  plaee.  Seeiire  with  nylon  plastie  film  tape.  -Applv  tolded 
pieces  of  bleeder  cloth  over  any  sharp  corners  or  edges  to  prevent  cutting  or  breaking  the  nylon 
bag  film. 

I’roceeil  with  the  bag.iiing  I'peratii'ii  as  ilescribeil  in  the  ti'lh'wing  steps.  A crriss-sectii'n  I'l  a small 
repair  bagged  for  cure  is  illustrated  in  figure  “’-:tx  f igure  7-2"  illustrates  a component  being  bagged 
in  a bond  assembh  jig  (H.AJ).  Purchase  ilescriptions  for  ei|uipment  are  aeluded  in  section  S.o. 
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Figarv  /-2ry -B.iyaiii't  Typo  Vuciiiim  Probe  Used  in  Bond  Assembly 


,iiv;i  wlu'iv  llu’  .iillu'si\i'  n.isti  or  hkn’il-oiil  m,i\  oilu'iwiso 
Him  m.iloriJis  ;iri'  listcil  m 4-5 


11  .1  ho.ilmr.  I'l.mkol  is  to  In-  iisol.  .ipph  .i  l,i\^  i ol  l’\’(  or  1 1 I -sd.iioil  lilH’ipl.iss  Jolh  o\oi  llu' 
h’Kmm'  him  to  .k  t ,is  ,i  si'|\ir;itor  to  t'lotin  t tlio  n'k'.iso  lilm  .iiul  to  p.ivo  moro  tmitorm  luMt 
ilist  ril'iit  ion.  likmt  it  u ;it  ion  ot  tlu-  t ihoi  i'.l.iss  riot  1 1 is  im  on  m t.il’k'  4 5 1 1 .mot  lioi  iiu'IIuhI 

ot  luMtini:  is  to  1h'  iisoil,  proroovl  with  stop  4. 


Holoro  inst.illmp.  tho  hoiitiii):  I'kinkol,  oliook  it  lor  hrokoii  loiuls  or  hnrnod  .no. is  It  it  is  .u  oopl.il'lo 
position  It  o\oi  llio  l’\'( ' hl'orul.iss  ololh.  .Soonro  holli  tho  rihorjtl.iss  ololh  ami  I'kinkol  m I'kioo 
mill  Initli  lompor.iinro  masknin  l.ipo. 


I lio  lioalmi:  I'kinkol  shonkl  ho  a minimnm  ol  4 inolios 
kiir.or  III. in  llio  l.ni'osi  ilnnonsion  ol  llio  ro|'.nr  doi.nl 
to  pnnulo  o\on  lio.il  disli ihiilion 


Add  4 plios  ol  I'loodor  oloth  ovor  tho  lioalint:  I'kinkol  or  roloaso  film.  I \lond  tins  ai'prosimaloK 
4 molios  on  a miniinmn  oC  Imt  sidos  lor  looalion  of  tho  vaoinnn  proho  pads.  1 ho  hloovlor  ololh 
allows  Iroo  How  ol  air  o\or  tho  inliro  aroa  II  .ilso  al'soihs  an\  osooss  rosin  that  ma\  hlood 
Ihroiiph  or  .ironnd  Iho  loloaso  lilm.  1 ho  hloodoi  ololh  is  idonlihod  in  t.ihlo  4-5 


Bleeder  cloth 


Insulation 


Teflon  film 


Heating  blanket 


Air  barrier 
Nylon  film 


Thermocouple 


Patch 


Figure  7-26. -Cross  Section  of  Repair  Bagged  for  Cure 


5.  h'orm  an  air  barrier  aroiiiiil  tlie  repair  iisiiis:  vacuum  seal  putty.  Place  the  heater  leails  ami  thermo- 
couple wires  on  top  of  the  seal  putty.  Use  short  strips  of  putty  to  seal  cadi  lead  as  shown  in 
fiiuire  7-2S.  T he  vacuum  baj:  will  seal  to  this  putty  barrier.  If  a bayonet-type  vacuum  probe  is 
used,  place  it  in  position  before  the  baiieini;  film  is  applied. 

(>.  If  basc-plate-type  vacuum  probes  are  used  tfiit.  7-24f.  posititui  these  on  the  eilee  areas  protided 
by  the  excess  width  tif  bleeder  cloth  tsee  li.e.  7-2'-U. 


NUTT-  ; DO  NOT'  put  the  vacuum  probe  on  bare  metal. 

Scparale  the  lop  half  of  the  probe  from  the  base  and  set  asiile  lor  later  installation.  It  the 
surface  is  slopmi:.  hold  the  base  in  position  with  hit'll  temperature  maskine  tape.  .X  minimum  o( 
two  probes  should  be  u.sed  for  the  first  S stpiare  feet  of  area  plus  one  additional  probe  for  each 
additional  S si]uare  feet. 

Cut  a piece  of  haggini:  film  that  is  lartte  enou.eh  to  cover  the  repair  area.  Cover  the  area  and  seal 
with  the  vacuum  seal  putty.  Start  sealiu):  of  the  nylon  bat:  film  at  the  center  of  assemble  and 
work  in  both  directions  to  seal  the  in  Ion  has:,  l eave  excess  material  lor  pleats  and  slack  when 
Hie  ba>:  is  under  pressure.  Push  all  areas  of  the  bleeder  clolli  and  ba.e  down  aeainsi  the  fairine 
bars  and  tool  face. 


NOT'b  : Use  special  precaution  when  scaliii.e  around  Ihe  healer 

or  thermocouple  t i /(’)  leads,  as  most  leaks  occur  at 
these  points. 
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'/’  l\>fnpi>ni'nr  tit'iiu;  ti.iiiiji'ii  in  tuyini  Assi'inh/i  Juj 


I .\s’  i 's<' St' ips  n!  t\iti\  in  St\il  Aii'uiul  fti'jii'r  .iihi  f firnniu'iyupli'  i r.in  i\ 
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VM'iiuni  Probes  Positioned  on  Bleeder  Cloth  .it  Edge  of  Assembly 
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Figure  7-30.  -Checking  the  Vacuum  Assembly  for  Leaks 


AppK  IkmI  .iiul  pivssuiv  MoniUM  ihoso  t('  o tlii-  iiirmp  ii  .iiiiri'iiu'nK  Im  ilu-  p,n  i 

■ulhosix  i.'  .Is  lU'U'ii  ill  si'i'lioii  4.J.  irtlio  cu'.o  Is  nuulo  m .m  iiiili'i l.iw.  wlu'ii  ilu-  posiiiM'  piossuit- 
iWK'lu's  U)  |isi,  \ I'll  I OIK'  hull  I >1  I Ik'  \ .111  I uni  liiK's  to  llu’  I’v  loi  ii<r  .il  mosplu'iv  I’lussiiu'  iiiomh'i  in 
tiK’  oiIk'I'  \.unuin  liiu's  w ill  inilis'ali'  aiu  ahnorni.il  pivssui\-  hnilil  ii|'  niuloi  llu'  I'.n'  lilm.  Il  ilio 
vnii'  IS  iikuK'  nsinp  \;Kninn  piassiiiw  lonlimi.ilK  tiu'iiitnr  (lin  p.iiios  I'm  In.iks,  Il  .ni\  slums 
I'xci'ss  v.unnni  loss  bol'oro  iho  li'inporalnix’  iv.u  Ik's  I .^0‘'  I , llio  i iirinp  piaK'oilnii-  n.iii  hi-  ilis- 
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7.1  2 FLASH  REMOVAL  AND  CLEAN  CP 

1.  Rciiiovo  excess  ailliesive,  stuck  tape,  etc.  witli  a sltarp  tool  ( I '4-iiicli-w  iilc  wooil  cliisel,  extra 
sluirp).  l ake  special  care  not  to  ilainajic  the  metal  surfaces. 

2.  Wipe  away  ilust  aiul  chips  with  a clean  ilry  cheesecloth  pail. 

7.1.1  PO.ST  INSPEC  TION 
I.  Coiiihict  post  repair  inspection  as  noteil  in  .sectii'i)  10. 1."^. 

7.14  SEAL  AND  FINISH 

I.  Seal  per  section  4.4.0  ami  finish  per  .section  4. .1.7  ami  tite  applicable  aircraft  I'.O. 


I 


I 

I 


I 
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H O TOOLS,  EQUIPMENT  AN!)  F ACTLITIES 


('ort.  iii  I<H)K.  i.'i)iiipnieiU.  iiiul  arc  ospocialK  iiscliil  lo  iIk'  hoiulod  repair  proel•^s. 

Some  ol  ihese  are  deseril'eil  m tlli^  seelioii.  A lislinu  ol  proeiiremeiit  sourees  is  uisen  m seelioii  S.5. 

I rK))  or  eipiipmenl  lor  noiulestruetive  inspeetion  are  iiieliKled  in  seetion  lO.d. 

S.l  roots  FOR  DAMAGE  REMOV  AL 

S.1.1  HIGH-SI’EED  ROUTER 

I he  liiuli-speed  router  illustrated  in  I'isiure  K-l  is  inie  ol  the  most  \ersatile  tools  lor  damaged  material 
renn)val.  It  mav  he  used  lor  the  removal  of  both  skin  and  core  materia!.  A earhide  hit  is  reipiired 
lor  rmitinje  titanium.  1 he  router  is  eommonly  used  aiiainst  a template  to  deline  a smooth  eut.  An 
appropriate  set-hack  distance  is  allowed  to  compensate  lor  the  wiilth  i)l  the  router  collar. 

1 he  router  may  he  either  han  I held  or  used  with  a supporting  base  plate  as  shown  in  lieure  S-2.  I he 
base  plate  lypicallv  incorporates  a threaded  lock  rinji  that  is  rotated  to  aditist  the  depth  ol  cut.  It  is 
then  locked  in  position  with  set  screws. 
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Figure  8- 1. -Portable  Air-Driven  High  Speed  Router 


Template 


Router  base 


Template 
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Set-back 


distance 


Figure  8-2.— Typical  Router  Setup  With  Template 


Router  Templates 

Simple  router  templates  may  be  made  of  metal,  plastie.  or  plywood.  ’The  template  is  attached  to  the 
surface  of  the  part  with  double-backed  tape.  Allowance  is  made  for  the  width  of  the  collar  that  is 
used  to  guide  against  the  edge  of  the  template  (see  fig.  8-2). 

An  illustration  of  a metal  strip  template  used  for  removal  of  damage  to  a spoiler  assembly  is  shown 
in  figure  8-.^. 

A convenient  universal  template  for  cutting  circtilar  holes  is  shown  in  figure  8-4.  The  template  is  used 
to  guide  the  power  router  assembly  while  cutting  out  damage  with  a 1 /4-inch  router  bit. 

Dimensions  for  the  router  template  assembly  are  given  in  figures  8-.S  and  8-6.  Both  the  template  and 
ring  can  be  fabricated  ofSAl:  1010  steel  (SAE  1015.  1020.  ASTM  A7-50.  or  AlSl  C-1018  optional). 

The  four  circular  holes  in  the  template  can  be  used  to  rout  holes  up  to  1 .25-inch  diameter.  To  rout 
out  larger  damage,  center  the  template  ring  over  the  damage  and  tape  it  to  the  honeycomb  panel 
with  masking  tape.  The  template  turns  freely  within  the  ring.  The  heads  of  the  two  screws  prevent 
the  template  from  coming  out  of  its  scat. 

NOTE:  All  internal  dimensions  will  have  the  set-back 

distance  added  to  the  dimensions  shown. 

Start  routing  from  the  center.  Place  the  guide  of  the  router  base  in  slot  1 . start  the  router  and  rotate 
the  template  clockwi.se  while  routing.  A handle  may  be  inserted  in  the  tap  hole  to  facilitate  rotation 
of  the  template  within  its  seat.  After  completing  a circle  with  the  router  in  slot  1 proceed  to  slot  2. 

.^.  and  so  on  in  the  indicated  sequence  until  all  damage  has  been  removed. 


Figure  8-5— Router  Template  Assembly  Component—  Rotating  Plate 


Spotface  0.440  dia  fillet 
Radius  QQp  machine  to 

Edge  as  shown  opt. 

Drill  and  tap  8-32  NC-28 
Threads  per  MIL-S-7742 
(2  places) 

All  dimensions  in  inches 


See  A 


0.25—  , 

^ ^ ,0.110—' 

■ "O.MO 
0.25  ] m 


See  B 


fling 


Figure  8-6— Router  Template  Assembly  Components— Support  Ring  and  Lock  Screw 


8.1.2  HOLE  SAW  AND  FLY  CUTTER 


.A  l\i)lo  saw  aiul  I’uiili.'  hushing  are  illustratoil  in  ligure  8-7.  1 lie  saw  is  used  advanlageinisly  eut 

1.00-  to  4.00-iiKl\  diameter  holes  in  aluminum  or  titanium  sandw  ich  laces.  Where  the  cut 

is  to  he  extended  into  the  core,  use  of  the  router  is  preferred.  The  hole  saw  tends  to  tear  the  core. 


t 


V 


1.  li 

0.10  in. 


Figure  8-7.  -Hole  Saw  and  Guide  Bushing  for  Removing  Sandwich  Skin  Material 


I'he  saw  may  he  eiti,  • , ower  or  manually  operated.  It  is  typically  guided  hy  the  use  of  either  a pre- 
drilled pilot  hole  or  I ' a ^uide  hushing.  Vhe  use  of  a pilot  hole  is  convenient  when  concentric  holes 
are  ti'  he  cut  in  opposite  siiles  ot  a .sandwich  panel.  I he  guide  hushing  is  locally  made  Irom  0.7.s-inv.h- 
thick  tool  steel.  The  inside  diameter  of  the  hu.shing  guides  the  hlade  while  allowing  it  to  turn  Ireely. 

The  hushing  is  attached  to  the  sandwich  si^rl'ace  with  double-hacked  tape.  The  saw  is  used  to  cut 
thr.ough  the  solid  metal  only.  i.e..  through  the  skin  or  skin  laminate  combination  (see  fig.  8-8)  suh- 
.sequent  removal  of  the  core  is  done  either  with  a high  speed  router  or  a core-cutting  knile. 

WARNING:  WEAR  A FACE  SHIELD  OR  SAFETY  GLASSES 

WHILE  USING  THIS  EQUIPMENT. 

The  operation  may  he  performeil  similarly  with  a tly  cutter  shown  in  tigvire  8-^). 
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Figure  8-9.— Fly  Cutter  Used  to  Remove  Skin  Material  for  Repair 


5.1.3  rORTAHLE  SAWS  AND  SANDERS 

riio  r(.'».iprcK';itiiiii  ;iiui  tirciihir  s;i\vs,  slu'wn  in  liuiiros  S-ll)  aiiii  S-1  1 . ;iro  ospot i;illy  iisoliil  loi 
tho  mot.il  skin  ;is  wnll  ;is  the  lieavier  metal  pieees  siieli  as  stit'leiiers  or  littiiies  (see  section  S.5  tor 
supplier  listinul. 

Afii'llier  piece  of  e()iiipinent  that  is  very  userul  is  the  lii.eli  speed  air  motor  with  a saiuliiiii-iiisk  attach- 
ment. I'his,  as  well  as  other  attachments,  is  shown  in  fiuure  S-1  2.  The  saiulini:  disk  is  especialU 
usetul  for  smoothins;  the  surface  alter  pieces  ot  core  have  been  removed  with  a core-cuttine  knile  lu 
other  means.  It  may  also  he  used  for  removinj;  the  heavier  densitv  core  as  shou  ii  previousl\'  in 
tliuire  "'-d. 

5.1.4  SKIN  PEELING  TOOL 

.A  tool  that  facilitates  peelint:  of  the  sandwich  skin  and  doublers  is  shov\  n in  fisture  S-1  .v  1 he  tool 
is  Used  similar  to  a sanline  or  collee  can  key.  !he  edee  ol  the  skin  is  placed  in  the  tool  slot  anil  lollcil 
up  (see  fills.  7-4a  and  b).  I'or  wide  strips  or  for  hii:h  peel  strength  adhesives,  it  may  be  necessarx  to 
cut  the  skin  into  strips  with  a tool  such  as  the  portable  circular  saw  described  in  the  previous 
parairraph. 


Fiiitiii'S  Spri'i/  All  MiUoi  jnd  All.ichnu'iils 


t' 

t!' 

/ 


[I 

1 


Figtnv  8 13.  -Skin  Ppohng  Toots 


S.:  t OKI  M At  HININC  AND  1 ORMlNt'. 
s : ) 1 Ol'll’MI  NI  lOK  Sl'KI  At  I M At  MININt; 

1 \ I’li.il  o>nii|MiH'n(  tor  snil'.K'i'  iu.Klriiiuii’.  l.ir):o  picoos  ol  hoiiov  iouil'  lOiv  is  shvnv  n m lipiiro  S-l  -t, 

1 Ills  m.u'liiiu'  li.is  iH'lti  loiiriiliulnuil  .nut  Ir.uisxi'isi’  orossr.iils,  1 lio  r;ul  liciplits  may  Ih'  ililtoii'iilialK 
.iiliiisU'il  to  pormil  ooiitomin)'.  or  to  t'oriml  taporiiii’,  (as  shown  in  lip.  S I 5). 

Ilio  inaoliiiu-  nscsa  mullipio  spooJ  (71)00.  14  000.  ami  21  000  rpni)  pivoision  oloolric  motor.  This 
allows  the  operator  to  seleet  a ranpe  of  entter  iliamelers  ( 1 , 2 to  in  ) while  maintainiii)’,  a satis- 
laetors  entter  peripheral  speeO  I he  leeO  rate  is  niamtaineil  at  .‘‘0  to  200  leel  per  minute.  Ihe 
entter  is  the  valxe  stem  or  "hlopna  sheer"  type.  I liese  enttel^  are  available  in  a varietv  of  sizes, 
as  shown  in  I'ipiire  S-1  tv 

I he  sine  pl.ite.  show  n m I'ipiire  S-1  7.  is  nseil  w ith  the  eore-enttinp  maehme  lor  m.iehminp  weOpe- 
sh.ipeil  del, Ills.  1 he  pl.ile  provides  a vavinmi  laee  loi  moimlmp  the  eore.  I he  pl.ite  snit.iee  ean  he 
.Klinsied  to  the  desneil  .inple  it)"  to  20")  to  make  Ihe  tapered  enl. 
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( OKI  -KOKMINC  l UlIlPMl  NT 


I lk’  oiiuipiik’iil  lit  prop-  riy  lomi  di'l.iils  is  iioiK-killy  ol  sp<.ki;il  ilikiiiii  jikl  o(il>  ;a;iil;ihk' 

•It  tlk‘  soro  Idbrii-Mtor's  I'asilitii-'s.  nilcd  core  lorinitv.',  can.  however.  Ik’  done  witli  selee(ed  slieel- 
met  a I- form  inn  machines,  prmided  ('roper  I'roeeiinres  are  nseil.  I \am|'les  of  iisahle  machines  are 
tlie  I'arnluim  I'v  ramid  ri'll  I'r  llie  “('inch"  t\  pe  ('late  roll.  (\'re-fc'rminn  w ith  ihe  1 arnham  roll  is 
shown  in  fijnnres  cS-lS  ami  .Aihliiional  infornialion  i>n  core  forniinn  is  iiklndci)  in  seclion  7,(v2. 


<S..?  PROC  LSSINC;  I \(  ILITII  S 


Processing  facililies  slu'iilil  meet  those  reiiihrenienls  s('ecifieil  in  Mil  -.\-X.>.'77 


S..V1  .Sl'RI  \(T;  PRliPARATION  TANK.S 


rile  l\  I'e  of  tanks  required  for  the  raric'tis  surface  ( reparation  ('roeednres  are  described  in  section 
5,  vl.  Parts  I'ronressins:  thrr'tinh  a surface  |ire|'aration  tank  line  are  slu'wn  in  finure  S-20.  Details 
such  as  the  tank  lininn  and  solution  temi'eralure  are  listed  for  a typical  system  in  table  S-| . 


.Solution  makeui'.  oi'cration.  and  I'rocessinn  I'rocedures  are  iriven  in  section  5 
should  be  met  concernin.n  tank  location  and  eiiuipnieiU  are  as  follows. 


Reiiuiremenls  that 


Figure  8-18.— Forming  Hnnoycomb  Core  With  Fornhom  Pyramid  Rod 
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Table  8-1.— Typical  Surface  Preparation  Tank  System 


Function 

Special 
tank  lining 

Temp,  ® F 

Agitation 

Vent 

Remarks 

Vapor  degrease 

None 

188 

— 

None 

Deactivated  cover  (DCCR) 

Alkaline  cleaner 

Mild  steel 

140+5 

Air 

Push  air 

Rinse 

Vinyl  paint 

110 

Air 

None 

DCCR 

Deoxidizer 

Lead 

155±5 

Air 

Push  air 

Teflon  heaters 

tst  rinse 

PVC 

Amb 

Air 

None 

DCCR 

2nd  rinse 

PVC 

Amb 

Air 

None 

DCCR 

Phosphoric  acid  anodize 

Stainless  steel 

Amb 

Air 

Ex 

Phosphoric  acid  filter 

Rinse 

Vinyl  paint 

Amb 

Air 

None 

DCCR,  timed  water  flow 

Dryer 

None 

1 40  max 

— 

None 

1.  Locate  surface  preparation  and  drying  facilities  remote  from  other  activities  and 'or  equipment 
that  emit  contaminants  detrimental  to  adhesion.  I hese  include  hut  are  not  limited  to  dust, 
grease,  oil,  exhaust  vapor,  and  parting  agents. 

2.  Filters  and/or  traps  shall  be  installed  for  removing  airborne  dust,  moisture,  and  oil  from  all  air 
lines  used  for  solution  agitation  and  drying  of  parts. 

All  tanks  other  than  water  rinse  tanks  to  he  operated  at  elevated  temperatures  shall: 

• Be  equipped  with  automatic  temperature  indicating  and  regulating  devices 

• Be  air  or  mechanically  agitated  so  as  to  minimize  all  temperature  and  concentration 
gradients.  The  maximum  temperature  gradient  measured  from  the  hottest  to  the  coldest 
point  in  the  tank  shall  not  exceed  10^’  F 

4.  All  instruments,  gages,  and  regulators  shall  be  periodically  calibrated  or  tested  within  the  lime 
limit  specified  by  the  applicable  T.O. 

5.  Air  cleaning  devices  (e.g.,  drainage  traps,  cleaning  separators,  and  filter  cartridges)  shall  he 
inspected  and  .serviced  at  frequencies  necessary  to  assure  meeting  cleanliness  reejuirements. 
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8.3.2  PRIMER  APPLICATION  AREA 


After  preparation  of  the  metal  surfaces,  it  is  important  that  tliey  are  not  toucheil.  even  with  white 
itloves.  until  after  tlie  primer  application.  An  overheail  monorail  system  to  which  the  parts  can  he 
suspemleil  is  one  sujij’estei.l  method  of  providint:  a convenient  means  of  transporting  the  parts  for 
spray  application  of  primer  and  for  suhsequent  baking.  The  area  used  lor  spraying  primer  and  baking 
should  be  pressurized  and  temperature  controlled.  Primer  may  be  applied  in  a downdraft  spray  booth 
such  as  that  in  figure  8-21  or  in  an  open-faced  water  wash  booth. 

The  primer  should  be  applied  by  a qualified  spray  operator  to  a specifieil  film  thickness.  I'he  primed 
parts  are  then  air  dried  and  placed  in  ovens  for  baking  the  primer  Him.  The  tllm  thickness  may  be 
inspected  with  an  eddy-current-type  instrument  called  a '‘permascope.”  Other  methods  are  the  use 
of  an  isometer  or  a light  .section  microscope. 

8.3.3  CONTROLLED  ATMOSPHERIC  LAYUP  AREAS 

An  example  of  an  enviromnentally  controlled  atlhesive  application  area  is  shown  in  figure  8-22. 

I'he  activity  in  the  area  is  done  by  individuals  qualified  or  certified  in  the  technitiues  ol  adhesive 
bonding.  All  work  is  accomplished  with  white  gloves  and  with  no  contamination. 

The  adhesive  is  stored  in  a -20^  L'  freezer  until  ready  for  use.  .^s  the  material  is  removed  from  the 
freezer  it  is  conditioned  to  room  temperature  before  unsealing  the  container.  1 his  prevents  moisture 
from  accumulating  on  the  ailhesive. 

Adhesive  tllm  rolls  can  be  conveniently  placed  on  a roll  stand  where  the  film  can  be  rolled  out  on  a 
cutting  table  and  cut  to  the  required  size.  When  practical,  the  metal  details  to  be  bonded  can  be 
used  as  the  cutting  templates. 

1.  General  C'riteria  for  Layup  Areas 

I'he  requirements  for  layup  areas  of  structural  adhesive  bonding  shops  engaged  in  repair  ol 
damaged  aircraft  assemblies  shouki  be  as  follows; 

• Limits  of  airborne  particulate  matter,  temperature,  and  humidity  shall  be  as  specified  in 
MIL-A-83377. 

• Airborne  hydrocarbons  shall  be  controlled  by  imposing  operating  restrictions.  Hie  number 
used  for  identitlcation  of  each  class  shall  correspond  to  the  maximum  number  of  particles. 
0..“'  micrometers  or  larger,  permitted  in  one  cubic  fool  of  air. 

• Controlled  environment  areas  for  bonding  do  not  fall  within  the  delinition  ol  "clean 
rooms"  according  to  FF:l)-STD-20d,  The  requirements  fora  “controlled  area"  room  are 
recommetuletl  as  minimums. 

• Noncrilical  areas  ilo  not  fall  within  these  definitions. 
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RolViiMKi's: 


I D- '0 1 , ( 'li'.m  Room  aiui  W ork  Station  Ro>|iiiiviiu’iii\,  ( oiilrolloil  1 iiMioiiiik'iils. 

t'oiitaiiiiiiation  Control  ot'  Aorospaoo  I .Kilitios,  C.S.  An  l oiw. 

AS  I'M  Mothoils  ol'  Si/ini:  ainl  Countiiva  Air  Honii'  Particulate  Containinatii'ii  m 
Clean  Ri'rnns  ami  Dtlier  IHisl  Controlleil  Areas  Pesieneil  liu  1 leetronie  aiul  Similar 
Applieativ'ns. 

AS  IM  l'5l),  Metlunl  tort,  ontiiuioiis  CiMinime.  ami  Si/ine  ot  Airhorne  Particles  in  l>nsi 
( ontrolleil  Areas. 

Controlled  .Areas 

I'l'n-S I'D- ’0‘>  aiul  r.D.-t)t125-20.'  shouKl  be  used  as  a ruiide  tor  the  t'acilities  ciuistruction. 

Pile  arlliesive  application  area  should  be  a separate,  enck>sed  .irea.  .Speci.il  l.icililics  sliouUl  be 
provided  !i.  ensure  that  the  application  are.i  is  dust  controlled.  I illcred  .nr  slunild  be  const. intl> 
forced  into  the  area  to  maintain  the  air  pressure  at  .i  hiviher  level  th.in  the  sinroumlme,  .ire.i. 

Phis  prevents  contamination  substances  troni  enterini;  the  dust-controllcil  .ire.i  when  the  doors 
to  the  siirroiimlini;  areas  are  openeil. 

I'nless  otherwise  noted,  temperature  and  luimiditv  should  be  monitored  .ind  sh.ill  meet  the 
follow  iniz  ret|niremenl.s.  An)  melhoil  .iml  eijitipment  m.iv  be  used  lor  nu'mlorm;a  Ih.il  eives 
.issur.ince  of  m.iiniainin^  proper  control. 

• Pemper.iture  (<t)'^’  to  Sl)^'  P' 


• Humidity  "O' I Rll  m.i\imum 

Fiinipment 

• Pables  or  wwik  benches  useil  tor  the  ciillinj;.  cr'ie  spheine,  elk.,  should  be  coveiwl  with  .i 
minimum  ivf  1 --inch-thick  “ Adv  prene”  pr'lv  ureth.me  sheet. 

• All  other  work  tables  should  be  ciwererl  w ith  a suitable  m.ilerial  li'  prevent  d.im.iee  to  .mv 
compt'nent  beinu  bondeil. 

• No  steam-heated  or  itas-operated  vehicles  or  e>niipment  sh.ill  be  .illovved  m the  conlrollevl 
itrcii. 

• Simvkini:  or  eatiii):  shall  not  be  permitted. 

• Deptickaitini:  of  materials,  filini;.  drillinii,  culling,  m grinding  ol  mei.ils  sh.ill  mu  be  permitted 
in  the  eonlnvlled  are.i. 
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• All  materials,  parts,  tools,  equipment,  ami  other  items  to  he  used  in  tliis  area  shall  be 
free  of  extraneous  dirt,  grease,  oil.  talc,  or  wax  before  entering  the  coniroll  d area. 


• All  solvents  used  in  this  area  shall  be  contained  in  safety  cans  or  other  containers  meeting 
safety  and  hazardous-material-handling  requirements. 

• Electrically  operated  equipment  may  be  allowed  in  the  controlled  area  tor  short  periotls 
of  time  only. 

4.  Operating  Conditions 

• Restrict  all  unnecessary  traffic. 

• The  list  of  personnel  approved  for  access  shall  be  screened. 

• Cleanliness  of  parts  entering  the  area  shall  be  checked. 

• Protective  clothing  requirements  shall  be  met. 

NOTE:  It  has  been  determined  that  protective  clothing  must 

be  worn  for  the  purpose  of  limiting  airborne  par- 
ticulate matter  generation  by  personnel.  The  use 
of  protective  clothing  also  promotes  a “controlled 
area  psychology.” 

Additional  guidelines  are  provided  in  r.O.-00-.^.‘'-203. 

5.  Area  Maintenance 

• Areas  should  be  constructed  to  be  easily  maintained.  f 

e Areas  should  be  partitioned  to  help  prevent  drafts  from  carrv  iim  eonlaminants  in  from  the  | 

noncontrolled  areas.  jj 

b.  Personnel 

• Personnel,  including  supervision  .md  maintenance,  that  work  in  controlled  environments 
covered  by  the  above  specification  shall  receive  appropriate  tiaining  in  clean-room 

or  controlled  area  procedures. 

• I he  personnel  working  in  these  areas  shall  be  certified  in  clean-room  or  controlled  area  j 

procedures.  j 

• Authorizing  observers  shall  be  familiarized  with  pertinent  procedures  and,  when  entering  ; 

a clean  room,  be  accompanied  by  a certified  person.  Their  presence  should  also  be  j 

restricted  to  aisle  zones.  ! 

f 

i 

I 

!: 

i 
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7.  Responsibility  tor  Inspection 


• llnless  otherwise  Uesiginiteil,  the  iiuality  control  orjiani/ation  sluill  be  responsible  for  the 
controlleii  aa-a  nieetiiig  ami  maintaininj:  all  the  criteria  rei|uired  for  hinh  iiuality  boiulinu 
operations. 

• The  amount  or  level  of  aii borne  particulatej.natter  is  iletermii  .1  by  either  the  lallout, 
volumetric,  or  automatic  particle  counter  method  at  the  option  of  Quality  Control. 


8.4  CURING  EQUIPMENT  .VNl)  F.4CILITIES 


8.4.1  .AUTOCLAVES 

The  purpose  of  the  autoclave  is  to  provide  a means  of  applying  uniform  high  pressure  and  temperature 
to  a part  for  cure.  It  has  definite  advantages  over  the  use  of  otlier  methods  such  as  vacuum  bags  and 
heating  blankets.  The  higher  pressure  provides  a superior  nuality  bond.  The  detail  parts  are  better 
consolidated  for  intimate  bondline  contact. 

Autoclaves  should  be  operated  by  trained  and  certified  operators  whose  task  is  to  see  that  all  safety 
procedua's  are  followed  throughout  each  cycle.  Automatic  recording  and  controlling  equipment 
are  available  and  should  be  used  with  each  autoclave.  The  autoclave  should  be  equipped  with 
multiple  thermocouple  recording  and/or  controlling  equipment  so  actual  part  temperatures  can  be 
monitored  during  cure. 

Autoclaves  are  of  various  types  and  si/.es.  .A  larger  size  unit  is  shown  in  figure  8-2/t.  Meat  is 
provided  by  electricity,  steam,  or  hot  oil  with  air  circulation.  Pressurization  is  achieved  by  positive 
air  pressure  or  inert  gas.  The  as.semblies  to  be  pressurized  are  sealed  under  bagging  film  and  either 
vented  to  the  outside  atmosphere  or  connected  to  a vacuum  line.  It  is  important  that  pressure  not 
be  directly  applied  to  honeycomb  assemblies  without  the  film  barrier,  as  the  pressure  will  laterally 
crush  the  core. 

Conventional  practice  is  to  cover  and  seal  the  repair  components  after  assembly  for  bonding.  A 
vacuum  is  tlten  pulled  on  the  assembly  to  hold  the  details  in  position  until  the  part  is  moved  into 
the  autoclave.  Approximately  10  psi  positive  pressure  is  then  applied  by  the  autoclave  belore  the 
vacuum  lines  are  vented  to  atmosphere.  Vacuum  systems  should  be  constructed  so  that  they  can  be 
vented  to  atmosphere  or  connected  to  a gage  system  on  the  control  console.  1 he  venting  ot  vacuum 
outlet  lines  prevents  a differential  pressure  from  accumulating  under  the  bag  film.  By  monitoring 
the  vacuum  gages  the  operator  has  control  of  the  go/no-go  cure  cycle  tor  any  assembly. 

• Differential  pressure  from  0 to  b inches  Mg  tO  to  psi)  is  allowed  in  the  sealed  area  during 
a cure  cycle 

• If  the  differential  pressure  rises  above  the  b-inch-Hg  psi)  maximum  and  the  temperature 
is  1 .''0^’  F or  less,  the  cycle  can  be  aborted  and  leaks  or  other  malfunctions  repaired  before 
continuing  the  cure  cycle. 
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8-23.- Large  Autoclave  for  Curing  Bonded  Assemblies 


In  mMik-  cvniilnislihlo  iikiUtmK  .ii\'  in  llio  nnl''il;i\i'  Uiiniu'  iinv.  I ui  uooiu-n 

lainii”  I'ars  ma\  Ih'  nsv\l  lo  kaai'  llio  parts  in  position  or  to  obtain  proper  pivssiiiv  ilisirilnition.  In 
those  eases,  tite  use  ot  an  inert  :’.as  in  the  aiitoelare  is  inainlalor\.  I he  iiierl  ,i'as  |(  Oj  oi  N'j).  uhen 
reiiuneil,  ma\  I'e  proilueeil  b\  an  exotherinie  iias  generator.  I he  esluiiist  eases  are  t\  p'ealK  traiis- 
lenerl  to  a eompressor  svstein  where  the  eases  aie  eompresseil  and  stored  nf  pressure  vessels  ol 
avleipiale  eapal'iltiv  loi  the  parlieiilai  aiiloelave.  Insert  .eas  is  also  reei'innieiuleil  lor  hieh  teinperatiire 
plastie  laininatine,  work  tnot  evwered  in  this  doiiiment). 

S.4.:  c iiRiNc;  ()\  I NS 

( urine  vivens  ran.ee  in  si/e  Irom  the  small  varietv  to  lare.er  walk  in  t\  pes.  as  ilhistratevl  in  I'ienre  S-:4. 

I he  lareer  ovens  are  Iv  pieallv  eas  healed  with  an  air  eireiilation  svsiem.  Ovens  should  be  eviiui'Pvil 
w ilh  a vaeuum  suppiv  and  nuilliple  Ihermoeoiiple  eonneelors.  1 hese  shoukl  be  eoupled  w ith 
aulv’inalie  eonlrolline  anil  reeordine  eipiipmenl. 

Ovens  ma>  be  used  lor  the  initial  eiire  when  vaeuum  pressure  is  used.  I he\  ma\  also  be  used  lor 
posleiirme  when  the  initial  erne  is  aeeomphshed  m an  autoelave  under  hieher  pressure. 

S..>  HAND  root  s and  MIS(  l l t \N1  (MIS  1 Ol'll’MI  N l 

babies  S-2  and  S-.(  prov  ide  a lisline  ol  hand  tools  ,md  niiseellaneous  ei|Uipmenl  that  are  espeeiallv 
useltil  if  pertormme  repair  operations  on  a bonded  siruelure.  In  some  lases.  a soiiiee  is  eiven. 

I his  is  for  proeuremeni  eoinemenee.  It  does  not  mi'er  an  endorsement  ol  these  iiartuular  supi'hers. 
.An  alternate  souree  ma\  be  used  at  the  proeiirer  s diseretion. 
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Table  8-2.~(Continued) 


Filter,  polarized  Phosphoric  acid  Wilco  Co.  For  examination  of  anodized 
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Knife,  putty  1-1/4-inches  wide,  Commercial— any  source  5120-294-4605  Core-slicing,  compound- 

FED.  GGG-1C-00481  spreading,  or  making  core 

removal  or  resin  flash  removal 


identification  of  details 
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Table  8-3.  —Miscellaneous  Equipment 


Table  8-3.— (Continued/ 


Figure  9-  1.—Flat  Platen  Tool  With  Skin  Location  Fixed  With  Pins 


9.0  TOOL  FABRICATION 


The  honding  tool  basically  performs  two  functions  for  the  bonding  operation.  First,  it  maintains  or 
determines  the  pari  contour.  Secondly,  it  provides  a base  for  fixing  the  details  in  place  so  they  do 
not  shift  during  the  curing  process. 


Three  types  of  tools  are  most  commonly  used  for  repair.  In  the  simpler  case,  the  tool  may  provide  a 
rigid  flat  surface.  Pin  points  may  be  provided  to  fix  the  details.  An  illustration  of  this  type  of  tool  is 
shown  in  figure  9-1 . 


A second  case  is  when  the  surface  of  the  part  is  contoured.  If  the  repair  is  not  too  extensive,  a simple 
tool  may  he  retiuired  only  in  the  repair  area.  An  example  of  such  a tool  made  of  fiberglass  is  shown 
in  figure  9-2.  This  type  of  tool  is  quick  to  fabricate  and  relatively  inexpensive.  Note  that  it  does  not 
provide  support  for  the  entire  component.  Instructions  for  fabricating  tools  ot  this  type  arc  given 
.n  St  L tion  9 t. 


Figure  9-2.  — Typical  Fiberglass  Tool  Being  Used  to  Maintain  Contour  of  Repair  Details 
During  Cure  Cycle 


Mon’  siilisl.intial  loolinj:  is  aiminoiily  nviiiiroil  wIkti'  iIk'  iviiair  isniiilo  oxtonsivo  im  llii'  part  is  hoini; 
n.'hiiill.  In  sik'Ii  a caso.  Iho  tool  siirfaco  tistialK  ilotormim’s  (lit’  (iiial  part  sliapo.  A li'ol  ol'  tins  l\  po 
list’ll  lor  ri'hiiilitin^  a wiiip  loaiiing-filiii’  sot  lion  is  slu>\\  n in  lipiirt’  ‘)-.v  Durine  Iho  t iiro.  Iho  asst’inl'h 
is  liillv  siipportt’il  ill  thi'  hoiuiin>:  tool.  Caul  plait’s  aiiii  I'airini;  bars  arc  usoit  to  ilislributi’  tlic  prossuiv 
anti  proviilt’  ri.xity  ilurini;  tiu’  boiul.  .As  a rt’sull.  tlif  turt’  ina>  bo  matlf  at  Iho  orii;inal  euro  loinpora- 
luro.  I ho  ilosifui  of  this  typo  of  tool  is  ilisoussoil  in  sootions  ‘>.2  aiitl  ‘>.A. 

Caro  must  bo  lakon  in  Iho  ilosiiin  to  onsuro  that  Iho  tool  is  sulTioiontK  rii;i.l  to  inainlain  Iho  ilosiroii 
part  ooniour  As  iho  prossuro  is  applioil.  Iho  assoinbly  ilolails  imist  oompK  to  (ho  tool  oonloiir  aiul 
not  vioo  \orsa.  Muoh  of  this  is  aotoinplishotl  whilo  labrioalini:  tho  part  ilotails  thoinsobos.  1 h.n, 
siintlo-oonlouroil  skins  ami  iloublors  may  form  oasih  to  Iho  tool  surfaoo.  I hiokor  skins,  iloublors. 

■iiul  ooro  lor  olhor  than  \or\  l.irno  r.ulii  w ill  roi|Uiro  proformini:.  Com|H>uiul  tonlourotl  skins  .iiul 
. oro  .imi  hoavs  >Oviiont  will  roiimro  I'orniinu  or  m.iohmin.i;  to  oloso  lolor.moos. 


I 111.'  Ii'ul  JiNijiiK'i  miisi  vOMsuk'r  IlKM  iiial  (.oiului.  IimU  nt  iIk'  IooI  ,iiuI  iIk'  iii'iliu  in  fiol  IkmI  U>  iIk' 
I’.n  I . I ,K'c  1 liii.  kiK'Nsi's  (ii  I iIh'i  'jI.iss  imiK  sluuilil.  m Ih'  Ii  mil  oil  lo  0.  iiu  li.  AiKI  i luni.il 

ni’Klilv  , il  ii'ii mi\'J . sluMili.1  I'o  I'l'l.iiiK'J  In  .uUlin,!'  n1  iHViu'is,  I Ikno  sluuiUI  Ik'  Ji'siuiK'd  lo  .ilkiw  lik-i.' 
lu'l  .III  lion . 

\ dll  U'lX'iil  prol'k'in  IIU  ok  im'.  IkmI  flon  m;i\  Iv  oiK(iiink'ii.'d  m lIu'  iiso  of  mi.'I:il  tools,  1 1 i Ik-  lop.iii 
Is  Ik'.i  k'd  u illi  I’Ll  Ilk  s' Is,  Ilk'  tool  m.u  CO  lid  IK  I lic.i  1 .u\  .i\  1 1 oiii  1 lie  rs'p.iir  .ind  not  .illon  ilic  rciiiiircsl 
icmpcr.iliirc  rise  i.ile  i«i  llie  m;i\iimiiii  lempeml me  lo  be  rs'iielieil.  I his  ma\  iisu.ilk  be  remediesl  In 
I'Meikbii!'  the  .ire.i  oL  ilie  iK'.iline  bLinkels.  In  oilier  eases  il  m.u  be  iieeess.irv  lo  rediiee  llie  lool 


r 


mass.  Soloitinn  an  ailliosivc  tl\a(  lias  wulo  tolcraiKe  In  hcat-iip  rate  iitiuhl  alsn  nnVr  a snlmion. 
.\ili'iniate  thermoaniplos  slioutil  I'o  iiseil  In  ensure  llial  speeiljealions  Ibr  tlie  erne  are  met. 

DitTerential  thermal  expansiim  helween  the  tool  aiul  the  aluminum-hoiuleil  part  sluniUl  not  he  a 
l>rnl'lem  iralumimim  or  t'iher.ulass  tools  are  useil.  .S  11  1 1 lOOl  .S  SllOUl  1)  NOT  HI  I'.SI  I)  I OK 
HONDINO  .M.UMINUM  I’.NRTS.  Steel  may  he  iiseil  in  most  eases  lor  hoiuiini;  titanium. 


‘).l  MI  T.VL  VlIRSUS  1 IBl  lU.LASS  TOOLS 
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The  traile-ol’t  hetween  t'iheriilass  (soft)  tools  aiul  metal  (hanl)  tools  is  larj;el>  .i  e(>nsiileralii>ii  ol'eosi 
aiul  tool  si/e.  The  t'iheriilass  tool  is  relatively  inexpensive  aiul  ma\’  ser\e  aile(|ualel\  if  the  repair  is 
small  or  ol"  moilerale  si/e.  It  ean  he  maJe  i|uile  quickly  hy  molilini;  it  to  ilie  surlace  ol  an  uiulama.uevt 
part  or  to  the  surlace  of  a ilamajieil  part  that  has  heen  temporarily  cosmeiicallx  trealeil.  In  the  I'ormer 
ca.se.  the  parts  must  he  interchanj’eahle.  The  prohlem  with  soft  tools  is  that  they  are  more  easily 
ilamatteil  than  the  metal  tools  ami  will  warp  w'ith  successive  use.  As  a general  rule,  if  the  tool  is  to  he 
useil  to  repair  more  than  four  parts,  it  shouUi  he  supplementally  stiffened  to  prevent  warpage.  It 
should  he  cheeked  after  each  cure  to  he  sure  that  no  contour  change  has  occurreil.  If  over  fifteen  parts 
are  to  he  repaired,  it  is  recommended  that  a metal  tool  he  used.  I'he  use  of  metal  is  also  recommended 
for  the  fahrication  of  very  large  tools. 

Where  the  frequency  of  use  justifies  their  cost,  metal  tools  are  preferred.  They  are  more  durahle  and 
rigid.  They  provide  a superior  base  for  attaching  such  acce.ssories  as  locating  pins  and  fairing  bars. 

('onsideration  should  he  given  to  obtaining  metal  tools  from  the  manufacturer.  Instructions  should 
he  includeil  on  how  the  tools  were  used,  fools  are  commonly  reworked  during  the  course  of  produc- 
tion to  accommodate  part  modifications.  The  airplane  serial  numbers  for  which  the  tool  is  applicable 
shoidd  he  specified. 

The  retention  of  infrequently  used  tools  may  he  a prohlem  because  of  inventory  control  considera- 
tions. In  these  cases,  measures  may  he  required  to  identify  these  tools  as  a special  case  in  w hich 
extended  storage  is  justified. 


9.2  MLT AL  tool  FABRICATION 

The  metal  tool  commonly  referred  to  as  a B.\J  thond  assembly  jigt  is  used  to  locate  detail  parts  and  or 
suhas.semhlies  in  correct  relationship  to  each  other,  within  tolerance.  It  additionally  provides  or 
permits  uniform  pressure  application  to  the  assembly  during  the  cure  cycle,  fypical  B.A.I’s  for  use  in 
air-  or  platen-heated  autoclaves  are  illustrated  in  figures  9-4  through  9-7.  (leneral  considerations 
regarding  BAJ  design  are  as  follows: 

Material 

Aluminum.  oOol,  weldable,  unpainled 
Tolerance 

One-third  of  the  production  tolerance,  unless  otherwise  specified 
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Finish 

I 25  rms  on  surfaces  ctuifactitif;  (he  part  or  asseiiihly  lo  Iv  IhuuIoJ 

Clcneral  Design  C riteria 

1 , I'he  BAJ  must  proviile  uniform  licat  transfer,  hoiul  line  pressure,  aiul  configuration  ci>ntrol. 

2.  I'lie  platen  heat  autoclave  transters  heat  by  coiuluction  from  the  platen  surtace  through  the  BAJ 
base  to  the  curing  assembly. 

5.  I'he  air  heat  autoclave  transfers  heal  In-  convection  to  the  BAJ  .mil  the  curing  assembly. 

4.  Convection  heated  BAJ’s  should  be  designed  to  provide  maximum  air  movement  through  the 
tool  support  structure  and  to  the  surfaces  that  transfer  the  heat  to  the  curing  assembh’. 

5.  Design  the  B.AJ  to  rest  the  assembly  on  the  aerodyn.uuic  or  appearance  critical  surface. 

0.  B.VJ’s  are  constructed  I'rom  materials  which  resist  distortion  due  lo  the  thermal  c\  chug,  .md  have 
a thermal  cviefficient  of  expansion  similar  to  that  of  tlie  material  being  boiivled 

7.  Toi'l  materials  must  be  free  of  porosity  anil  id' a iiualitv  sulticient  to  ensure  vacuum  mtegiilv 
during  the  entire  bond  cycle. 

S.  Working  holes  in  aluminum  tool  details  should  have  steel  bushings. 

d,  .Scribed  lines,  in  the  excess  area  around  the  assembly,  may  be  called  out  on  the  B AJ  tool  dr.iwmg 
for  locating  edges  of  the  part  details. 

10.  b'or  alignment  purposes,  sight  holes  will  be  reiiuired  through  tooling  details  that  obscure  the 
alignment  view. 

Removalrlo  Tool  Coiupoucnts 

1.  Removable  fool  components  are  positioned  w ith  locating  pins.  Vacuum  bl.inket  pressure  apivlied 
to  these  components  usually  provides  sufficient  clamping. 

2.  Provide  interchangeability  between  identical  loo.se  details  and  in  hole  patterns  in  details  )vertorm- 
ing  operations  on  the  BAJ  wherever  practical. 

Minimize  the  use  of  screws  and  bolts  that  reiiuire  removal  or  ad.juslment  during  B.AJ  usage. 

4.  The  weight  of  individual  removable  comivonents  should  not  exceed  25  pounds  for  ease  of  handling. 
Fairing  bar  lengths  should  be  a function  of  weight  and  strength.  I ong  lightweight  bars  should  be 
divided  into  practical  lengths  for  handling. 
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Note:  This  type  of  BAJ  is  used  to  accommodate  assemblies  that  are  flat  or  with 

slight  contour.  These  BAJ's  are  machined  from  plate  stock  of  sufficient 
thickness  to  ensure  stability. 


Figure  9-4.-Typical  BAJ  for  Platen-Heated  Autoclave 


Part  excess  periphery 


Figure  9-5. -Typical  BAJ  for  Air-Heated  Autoclave  Using  Skin  Preformed  to  Contour 


Short  Intermittent 
weld,  both  sides.  — 


Heade 


3/8  in.  thick  heatlers 
at  2A  in.  spacing 


Figure  9-6.-Typical  BAJ  for  Air-Heated  Autoclave  Using  Skin  Preformed  to  Contour 
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9.2.1  FAIRING  BARS 

Fiiiring  bars,  removable  from  the  BAJ,  provide  a sinootli  transition  for  the  vacuum  blanket  from  the 
boml  as.sembly  surface  to  the  base  of  the  BAJ.  A typical  fairing  bar  application  is  illustrated  in 
figua’s  9-X  and  9-9. 

The  bar  must  be  higlier  than  the  total  height  of  the  bond  a.ssembly  to; 

• Assure  consistent  pressure  on  the  periphery  of  the  bond  assembly  to  reduce  the  chance  of 
crushing  the  core 

• ('ontain  the  upper  skin  which,  in  most  cases,  is  located  by  the  fairing  bar  in  order  to  reduce 
the  chance  for  the  skin  to  slip  up  on  the  fairing  bar 

Fairing  bars  on  severe  contour  BAJ’s  may  require  fabricated  construction,  ('onsider  fiberglass  and 
resin  laminate,  molded  urethane  for  up  to  250^’  F service,  and  aluminum  for  service  above  F'. 

NO  I F:  Fairing  bars  and  other  tool  details  may  be  coated 

with  a teflon  coating  or  wrapped  in  relea.se  film  to 
prevent  the  adhesive  from  bonding  to  their  surface. 


I 


Figure  9-8.  - Typical  Fairing  Bar  Application 
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Figure  9-9.  — Typical  Fairing  Bars  Shown  on  Bond/ng  Tool 


II 


9.1.2  !’RI  SSl'Ri;  H\RS  AM)  M ANDRl  I S 


I’rcssuiv  .iiul  ir.iiiMiiit  pii'ssmv  U'  llio  lower  IhhuI  lino.  ;inJ  in.n  'iiippon  .in  upper 

thin.ue  I't'iui  line  jiul  nui\  loeule  ihe  'ip.ir  or  eilsre  meinbei  l.iier.ilK,  \ ivpie.il  in.iiulrel  .ii'plie.il ion 
is  shown  in  limire  ‘■'-1  0. 


i’ressure  b.irs  ;nul  iniinilreK  imisi  bo  rlosisMieJ  li'  iniiiMnii  Ihe  hesireJ  unit  pressure 
(.'A I 1 ION  : \voiiM’reNSure  Mulliplieiiiion!! 

I he\  must  be  free  IliMime  up  .iiul  Jown. 


1 le.il-resisiin.i;  siheime-lx  pe  rubber  is  used  lor  l.ieine  pressure  b.iis  .nul  support  p.iJs  w hei  e iniei  f.iee 
ti'ler.inee  buildup  presents  ;i  problem. 
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9.2..^  VACUUM  BLANKET  SUPPORT  DETAILS 

F;iirini:  ;iiui  shroud  details  must  be  provided  to  support  the  vacuum  blanket.  Typical  use  of  these  is 
illustrated  in  figure  9-11.  Locale  these  details  next  to  mandrels,  along  with  fairing  bars,  and  m 
corners  or  openings  in  bond  assemblies. 


Consider  the  total  pressures  involved  over  the  entire  area  when  selecting  material  thickness  and  gusset 


reiiuirements. 


I 

I 
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Figure  9-  7 1. -Typical  Vacuum  Blanket  Support  Details 


9.2.4  H.\N1)L1NG  PROVISIONS 


Hoi.st  rintis  on  BAJ's  .slioulii  Be  loejted  so  they  will  not  interfere  with  loading  and  unloading  the  bond 
assembly  in  the  autoclave. 

Generally,  on  the  larger  and  heavier  convection-heated  BAJ's,  lift  lugs  are  attaclied  to  tlie  sides  of  tlie 
B.AJ  base  structure  or  made  a part  of  the  caster  support  assembly.  In  this  wa\'.  any  overhead  lifting 
will  not  damage  the  top  surface  plate.  See  figure  9-1  2.  Holes  should  alsr)  be  provitied  for  fork  lifts 
as  is  sliown  for  the  too!  in  figure  9-13. 


Figure  9- 12.— Typical  Lift  Lug  Combined  With  Caster  Support  Assembly 

Convection-heated  BAJ’s  are  commonly  handled  with  fork  lift  eiiuipment.  When  fork  lift  channels 
are  included  in  the  BAJ  design,  call  out  8-inch  channels  with  welded  keeper-straps  near  each  end. 
Locate  fork  lift  channels  to  clear  finger  racks  used  to  support  the  BAJ  in  the  autoclave  or  in  .storage. 

Removable  casters  are  commonly  used  for  moving  convection-heated  BAJ’s  in  the  shop.  The  BAJ 
design  and  construction  should  include  the  caster  support  assemblies.  Typical  caster  and  caster 
support  assemblies  are  shown  in  figure  9-14.  Supports  shoukl  be  positioned  so  that  the  B.AJ  surface 
plate  is  approximately  3 1 inches  from  the  floor. 
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I his  pro\  idos  ;i  sti'p-ln -stop  l.ibrioal  ion  so^iuonoo  I'orlax-np  ani.1  onro  of  prouni'ronn.iloh  I'il'oi 

ol.iss  loolmn,  I ho  "w  oi  l.i\  -up"  s\  sioin  ina\  ho  suhsliiulod  il  this  is  dosirahlo.  Inlorniation  and 
insiruoII(>ns  lor  iho  not  la\-up  proooss  aro  availaldo  iVom  supphors  ol  hinli  loinporaUiro  loohnn  rosins 
I 'sainplos  >>1'  I lioso  aiv: 


• Kon  i’lasUos 
N'.'so  S ( odar 
I aiisiin;.  Miolinaan 


• I lo\ov  ! Kosoli  n 

.'()  'OI  NordlioiY  Si 
( hatsw  orlli.  ( \ ‘M  I I 


• Ihsol 

I ist'S  11.1  >on  .luhan  Kd. 

Iiuliisiio  . ( \ 'M  " Id 


Figure  9 1 3.  — Welded  Bonding  Tool  Showing  Fork  Lift  Hole  Pinned  DetJils  in  PLice 
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UNCLASSIFIED 


B0EIN6  COMMERCIAL  AIRPLANE  CO  SEATTLE  HASH  F/«  1/3 

ADHESIVE  BONDED  AEROSPACE  STRUCTURES  STANDARDIZED  REPAIR  HANOeO->ETC(U) 
DEC  77  RE  HORTON#  J E MCCARTY  F33615-73-C-5171 

AFML-TR-77-206  NL 


Figure  9- 14. -Typical  Caster  and  Caster  Support  Assemblies 


The  procedure  for  fabricating  the  tool  is  briefly  illustrated  in  figure  9-15.  The  detailed  procedure  is 
as  follows; 

1.  Either  the  damaged  part  or  an  undamaged  duplicate  part  may  be  used  to  mold  the  tool  surface. 
Assuming  the  former  is  selected,  inspect  the  damaged  area  for  holes,  nicks,  protrusions,  dents, 
etc.  Prepare  the  surface  for  filling  by  removing  all  the  protruding  fragments  and  smoothing  out 
other  .reas.  Filler  resins  or  potting  compounds  will  be  used  to  temporarily  return  the  surface  to 
its  original  shape.  The  example  of  a contoured  surface  panel  with  a damaged  area  to  be  filled 

is  shown  in  figure  9- 1 6. 

2.  Fill  surface  defects  with 

• Fast-Weld  #10,  which  is  a fast  setting  (10-minute)  paste  adhesive  from  Ren  Plastics,  Lansing, 
Michigan 

• Epocast  1 5-1 1/9614  catalyst,  Furane  Plastics,  Inc.  4516  Brazil  St.,  Los  Angeles,  Calif.  90039 
(24-hour  cure),  or 

• an  equivalent  material 
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Figure  9-1 5. — Fabricetion  Method— Low-Cost  Laminated  Too! 


4. 


N\a>.lunc.  >:riiul,  lilo.  i>r  saiul  llic  siirlaco  to  a smooth,  (airoil  coiiioiii  i.o.,  the  orifjiiial  loiilotii. 

This  is  ilhistratoil  tor  tho  pivvioiisly  notoil  panel  in  riitiire  ‘>-1  7. 

It'  tlie  part  lias  sinitle-eontonreil  curvature,  it  may  he  Im  tlier  smoolheJ  onl  I'y  eoverinr;  the 
liel'eetive  area  witli  a thin  (l).t)20-in.)  sheet  of  heat-treateil  aliimimim  alloy.  .Allaeh  the  almnmnm 
with  (.louhle-haekeil  tape  I xteiul  the  sheet  heyomi  the  repair  area  I his  is  ilhisiralei!  m 
finnre  4- 1 s. 


Position  a layer  of  release  film  ti  l l’,  H I',  etc.),  nonpei forateil.  over  the  almmmim  sheet,  sweep 
luit  all  trappeil  air  .iiul  wrinkles,  m.ikiim  a siirl.iee  to  siirlaee  eonl.iel.  lloM  m pl.iee  with  hi.uh 
temperature  maskini:  tape. 

0.  I ay  out,  eiit  aiul  fit  a m\  lar  template  to  the  si/e  of  fihei>;lass  lahrie  rei|mreil  lor  the  laminate. 

Noll-  When  a very  laifre  l.iminateil  tool  is  heiiift  lahrie.ileil. 

the  fiherjrlass  fahrie  will  haie  to  he  spliscil  hy  joints 
hntteil  together.  In  this  ease,  a mylar  template  may 
not  he  useful  ami  earefiil  h.iiul  ineasiiremeni  max 
tv  reipiireil. 

7,  Remove  the  preimpregnalej  fahrie  Irom  refrigeraleil  storage,  t'oiulition  to  roimi  temper. itme 
hefore  opening  the  sealed  paek.iging  (see.  1.J..‘'). 

.Suggested  supplier  prodiiel  designation 

• ll\S|-}  -|(i|-ll)S  or  1P4.'-1'-I ('1-U>S  prepreg  fihergl.iss 

llexeeU'orp  . (\'asl  Mfg.  Co.  Div..  I 171  I Dtihlin  Hlvd..  Diihlin.  C.ilif.  44so(> 

• USP  I -7:(tr-ISI.  \’olan  .A.  or  CSP-I  ■'’:i)|  -I  4,''  \ olan  A.  prepreg  filierglass. 

I'.S.  Polymerie.  Ine..  "DO  1.  Hyer  Rd.,  P.O.  Ho\  71  5".  .Santa  Ana,  ( alif,  »:  ’O” 

S.  I'nroll  enough  fiberglass  prepreg  to  cover  the  ilesireil  tool  area.  Place  (he  mylar  lemplati'  on  the 
material.  Cut  the  12  to  In  plies  of  fahrie  required  to  hiiild  ti|'  the  tool  thickness, 

Nol  l' : I he  x^arp  ami  xve.ive  orient.ition  x'f  the  tiherglass 

can  he  alternated  to  .uld  halaneed  sliftness  to 
Ihe  tool  body. 

*).  Position  each  ply  xd’  prepreg  fiberglass  on  the  prepared  part  siirlaie.  Sweep  inil  .nr  hiihhies. 
wrinkles,  and  kinks.  (A  plastic  applicator.  PA. -I  nuule  In  .^M.  or  eqiiixalenl,  m.ix  he  useful. l 
Cxmtinne  lay-up  until  all  plies  are  in  place. 
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10.  If  the  laminate  is  smaller  in  size  than  the  panel  periphery,  a 4-ply  dry  1 500  or  7500  fiberglass 
cloth  strip  is  laid  along  the  edge  of  the  laminate  to  absorb  the  resin  bleed  out.  (See  fig.  9-19.) 


NOTE:  The  1 500  or  7500  fiberglass  fabric  can  be  obtained 

from  the  same  supplier  as  the  prepreg  material. 

Purchase  in  1-1/2-  or  2-inch-wide  rolls. 

1 

1 1 . Cut  and  position  a layer  of  FEP  or  TEE  perforated  release  film  over  the  laminate  and  edge 
strips.  Next  position  a layer  of  PVC-  or  FEP-coated  fiberglass  cloth  over  this  film.  This  latter 
is  optional  but  where  excess  resin  bleed-out  occurs,  it  helps  break  up  the  bond  layer  between 
the  perforated  release  film  and  the  bleeder  cloth  (applied  as  the  next  layer). 

1 2.  Place  a thermocouple  at  each  edge  and  end  of  the  laminate.  Secure  in  place  with  high  temperature 
masking  tape. 

13.  If  the  part  is  painted,  cover  the  remainder  of  the  surface  with  a layer  of  FEP  or  TFE  nonperforated 
release  film.  This  will  act  as  a barrier  between  the  paint  and  the  covering  layer  of  bleeder  cloth. 

There  is  a tendency  of  the  paint  to  soften  and  stick  to  the  cloth. 

14.  Cover  both  sides  of  the  assembly  with  4 layers  of  bleeder  cloth. 

1 5.  Prepare  the  envelope  vacuum  bag  as  follows: 

a.  Cut  and  fold  a piece  of  nylon  bag  film  such  that  the  double  layer  is  of  sufficient  size  to 
cover  the  assembly  and  have  a minimum  of  1 2 inches  excess  width  all  around  the  assembly. 

b.  Unfold  the  bag  film  and  center  the  assembly  on  one  half  of  the  film. 

c.  Install  vacuum  probes.  An  assembly  ready  for  closure  is  shown  in  figure  9-20. 

1 6.  Seal  the  vacuum  bag  and  complete  the  preparation  for  cure  as  outlined  in  section  7.11.1.  A 
bagged  assembly  ready  for  precure  is  shown  in  figure  9-21.  A cross  section  of  the  assembly  is 
illustrated  in  figure  9-22. 

1 7.  Cure  in  an  autoclave  or  oven  as  recommended  by  the  prepreg  manufacturer.  Typically  the  cure 
process  is  accomplished  in  2 stages.  In  the  initial  stage,  the  laminate  is  precured  at  a temperature 
that  is  somewhat  less  (a  minimum  of  50°  F)  than  the  cure  temperature  of  the  part  being  used  as 
a mold.  After  the  precure,  the  laminate  is  removed  from  the  part  and  post  cured  at  a higher 
temperature.  A completed  tool  and  repaired  part  are  shown  in  figure  9-23. 

1 8.  After  the  cure,  the  laminate  is  checked  for  warpage.  ; 

\ 

Reinforcement  can  now  be  added  to  the  tool  in  the  form  of  beaded  strips  or  webs  of  fiberglass  cloth. 

This  is  illustrated  in  figure  9-24.  Holes  should  be  added  to  permit  air  circulation.  ■ 
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4 plies  of  bleeder  cloth 


PVC-coated  fiberglasi  cloth 


12  to  16  plies  of  fiberglass  prepreg  tooling  fabric 

— FEPor  i FE  nonperforated 
release  film 

— — y 1500  or  7500 

fiberglass 
/ cloth 


1500  or  7500  fiberglass 
cloth 


4 plies  of  bleeder 
cloth 


Part  being  used  as 
a mold  surface 


Nylon 

bagging  film 


FEP  or  TFE  nonperforated 
release  film 


Vacuum  seal 
putty 


Figure  9-22.— Assembly  Components  for  Fabricating  Fiberglass  Laminate  Bond  Tool 


Figure  9 2J.-Coir'ipleted  FiPergLiss  fiivni  Toi'^  Repjired  Fm  P.mrl 


10.  NONDESTRUCTIVE  INSPECTION 


10.1  GENERAL 


10.1.1  INTRODUCTION 

This  section  contains  a description  of  nondestructive  inspection  (NDI)  methods  that  are  particularly 
applicable  to  the  quality  evaluation  of  bonded  structural  aircraft  parts.  These  methods  are  directed 
towards  the  detection  of  defects  which,  if  left  undiscovered,  might  prevent  the  parts  from  fulfilling 
their  designed  functions.  These  methods  provide  a general  guide  based  on  past  experience  of 
engineering  and  in-service  surveillance. 

The  typical  or  most  commonly  used  techniques  are  included.  Other  techniques  may  be  equally 
applicable.  Responsibility  for  selection  of  techniques  for  a particular  application  rests  with  the  using 
facility.  General  NDI  procedures,  techniques,  and  terminology  are  T.O.  33B-1-1.  The -36  T.O.’s  also 
provide  NDI  instructions  for  the  inspection  of  airplane  structures.  Any  deviations  from  these  docu- 
ments for  a specific  aircraft  should  be  approved  by  the  responsible  engineering  agency. 

It  is  important  to  note  that  all  NDI  techniques  are  comparative  (i.e..  they  give  indications  of  one  area 
being  different  from  or  the  same  as  another).  Reference  standards  are  used  by  the  inspector  to 
evaluate  changes  that  might  indicate  a defect.  Care  must  be  taken  in  the  interpretation  of  change 
indications,  however,  since  they  may  be  due  to  changes  in  the  structures  (e.g.,  a foam  splice,  tapered 
core,  chem-millcd  skin,  or  excess  adhesive),  the  inspector  must  be  familiar  with  the  internal  construc- 
tion of  the  part  to  distinguish  between  defects  and  legitimate  structural  changes. 

10.1.2  HOW  TO  USE  THE  NDI  SECTION 

The  NDI  instructions  are  presented  in  two  categories.  These  are  prerepair  evaluation  and  postrepair 
examination.  The  instructions  for  prerepair  evaluation  are  listed  in  section  2.0,  Damage  Assessment. 
The  selection  of  the  proper  prerepair  NDI  technique  may  be  done  per  tables  10-1  and  10-2.  A guide 
for  the  post-repair  examination  is  given  in  table  10-3.  The  subjects  of  NDI  method  applicability, 
personnel  qualifications,  te.st  standards,  definitions,  terminology,  and  NDI  symbols  are  discussed 
briefly  as  applicable  to  this  manual. 

10.1.3  TERMINOLOGY  AND  DEFINITIONS 

Bondline- A layer  of  adhesive  such  as  one  located  between  two  pieces  of  metal  or  between  a metal 
face  and  honeycomb  core. 

Corrosion- A breakdown  of  the  metal  surface  due  to  an  electrochemical  reaction.  Almost  all  metals 
are  subject  to  corrosion.  Corrosion  may  be  present  in  parts  exposed  to  water  and  moisture,  in  parts 
without  protective  coating,  and  parts  where  dissimilar  metals  come  in  electrical  contact. 

Couplant-A  sound  couplant  is  a film  of  oil,  grease,  or  water  applied  to  a surface  to  provide  a path 
for  the  pas.sage  of  ultrasonic  vibrations  between  the  sound  transmitter  and  the  part  being  in.spected. 
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Table  10-1.  -Prerepair  Defect  Inspection  Methods 


• Preferred 

o Alternate 

□ Limited  alternate 

Visual 

Tapping 

Resonance 

1 

Ultrasonic,  low  freq,  portable 

J 

Ultrasonic,  low  freq,  through 

5 

Si 

3 

a 

cr 

w 

i. 

£ 

O 

c 

0 

VI 

to 

£ 

5 

. 

Ultrasonic,  high  freq,  through 

> 

to 

V 

X 

1 

Eddy  current 

Acoustic  emission 

Moisture,  oil 

□ 

0 

• 

0 

Cure  corrosion 

a 

o 

() 

o 

• 

o 

Cote  crushing 

O 

0 

O 

0 

• 

Metal  to  metal 

Face  sheet  delam 

□ 

□ 

o 

0 

o 

• 

honeycomb 

Back  sheet  delam 

O 

o 

0 

• 

sandwich 

Void,  porosity 

□ 

0 

0 

0 

• 

Skin  cracks 

□ 

• 

Face  sheet  corr,  internal 

0 

Moisture,  oil 

o 

o 

• 

o 

Corrosion 

□ 

0 

O 

• 

o 

m 

Metal  skin  lo 

Core  crushing 

D 

o 

0 

0 

0 

• 

nonmetal  core 

Face  sheet  delam 

□ 

□ 

o 

o 

o 

• 

■ 

honeycomb 

Back  sheet  delam 

□ 

□ 

0 

• 

■ 

sandwich 

Void,  porosity 

□ 

0 

o 

o 

• 

■ 

Skin  cracks 

□ 

• 

Face  sheet  corr,  internal 

o 

m 

Bondline  corrosion 

0 

□ 

0 

0 

o 

B 

Metal-tometal 

Delf  nination 

□ 

• 

o 

o 

□ 

• 

■ 

single  laminate 

Voids 

□ 

• 

o 

0 

D 

• 

■ 

Skin  cracks 

□ 

■ 

Bondline  corrosion 

0 

□ 

o 

0 

0 

E 

Metal-tometal 

Delamination 

□ 

o 

a 

o 

□ 

• 

B 

multilaminate 

Voids 

D 

o 

a 

0 

□ 

• 

B 

Skin  cracks 

□ 

■ 

Ultrasonic/ eddy  current 
thickness  gauging 


Table  10-2.— Inspection  Technique  Selection  Guide 


Type  of  structure 


Recommended  insF>ection  technique 


To  detect  1 -in.-dia  defects,  use  portable 
instruments  (such  as  Sondicator, 
Harmonic  bond  tester,  etc) 

To  detect  1/2-in.-dia  defects,  use  high 
frequency  ultrasonics 

To  detect  1/4-in. -dia  defects,  use  high 
frequency  Through  Transmission 
Ultrasonics  (TTU) 


To  detect  2-in.-dia  defects,  use  portable 
instruments 

To  detect  1 -in.-dia  defects,  use  high 
frequency  ultrasonics 

To  detect  1/2-in.-dia  defects,  use 
high  frequency  Through  Transmission 
Ultrasonics  (TTU) 


To  detect  1 -in.-dia  defects,  use  portable 
instruments,  both  sides 

To  detect  1 /2-in. -dia  defects,  use  high 
frequency  ultrasonics,  both  sides 

To  detect  1/4-in.-dia  defects,  use  high 
frequency  Through  T ransmission 
Ultrasonics  (TTU) 


To  detect  2-in.-dia  defects  use  portable 
instruments,  both  sides 

To  detect  1 -in. -dia  defects,  use  high 
frequency  ultrasonics,  both  sides 

To  detect  1/2-in. -dia  defects,  use  high 
frequency  Through  T ransmission 
Ultrasonics  (TTU) 


To  detect  1 /2-in. -dia  defects  in  any  bondline, 
use  high  frequency  Through  Transmission 
Ultrasonics  (TTU) 

To  detect  1 /2-in, -dia  defects  in  outside 
bondlines,  use  portable  instruments,  both 
sides 


w 


Table  W-2.— (Continued) 


Type  of  structure 


<0.200  in. 


f - - -----  — , 

3 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

1 

( 

<3  in. 


<0.200  in. 


Recommended  inspection  technique 


To  detect  l-in.-dia  defects  in  any  bondline, 
use  high  frequincy  Through  Transmission 
Ultrasonics  (TTU) 

To  detect  l in.-dia  defects  in  outside 
bondlines,  use  portable  instruments,both 
sides 


To  detect  l-in.-dia  defects  in  any  bondline, 
use  high  frequency  Through  Transmission 
Ultrasonics  (TTU) 

To  detect  1-in,-dia  defects  in  outside 
bondlines,  use  high  frequency  ultrasonics, 
both  sides 

To  detect  2-in.  dia  defects  in  outside 
bondlines,  use  portable  instruments,  both 
sides 


To  detect  l-in.-dia  defects  in  outside 
bondlines,  use  portable  instruments,  both 
sides 


To  detect  l-in.-dia  defects  in  center  bondlines, 
use  high  frequency  ultrasonics,  either  side 

To  detect  1/2-in. -dia  defects  in  any  bondline, 
use  high  frequency  Through  Transmission 
Ultrasonics  (TTU) 


To  detect  1/2-in. -dia  defects  in  any  bondline, 
use  high  frequency  Through  T ransmission 
Ultrasonics  (TTU) 

To  detect  1-in, -dia  defects  in  outside  bondline 
use  high  frequency  ultrasonics,  both  sides 

To  detect  2-in. -dia  defects  in  outside 
bondlines,  use  portable  instruments,  both 
sides 
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Table  102.— (Concluded) 


Type  of  structure 


Recommended  inspection  technique 


To  detect  1-in.  dia  defects  in  either  bondline, 
use  portable  instruments,  both  sides 

To  detect  1/2  in. -dia  defects  in  either  bondline, 
use  high  frequency  Through  T ransmission 
Ultrasonics  (TTU) 


To  detect  1 in.  dia  defects  in  either  bondline, 
use  high  frequency  ultrasonics 


>0.080  in.,  <0.200  in. 


Crack  A break  or  split  iti  the  part  without  complete  separation,  ('racks  may  he  fouml  in  parts  which 
have  been  prounil,  heat-treated,  fatigued,  or  stress-corroded. 

CRT  (Cathode  Ray  Tubef-Provides  visual  display  of  ultrasonic  information. 

C-scan-Plan  view  scan  of  the  part  showing  defect  size  and  location. 

Defect-A  di.scontinuity,  or  fault,  that  is  detrimental  to  the  serviceability  of  the  part  or  material  in 
which  it  is  contained. 

Discontinuity— An  interruption  in  the  normal  physical  structure  of  a part.  It  may  be  in  the  form  of  a 
crack,  forging  lap,  fold,  seam,  porosity,  disbond,  etc.  A discontinuity  may  or  may  not  affect  the 
usefulness  of  the  part. 

Delamination-The  separation  of  layers  in  a lamination  because  of  faihire  of  the  adhesive,  either  in 
the  adhesive  itself  (cohesive)  or  between  the  adhesive  and  the  adherend  interface  (adhesive). 

Inclusion-Impurities  embedded  in  the  material  in  the  forming  stage.  The  inclusions  can  be  deep  in 
the  part  or  near  the  surface.  Normally,  they  will  not  have  any  effect  on  the  strength  of  the  part,  but, 
when  they  occur  in  areas  of  high  stress  or  in  certain  special  locations,  they  may  be  cause  for  rejection 
of  the  part. 

Nondestructive  inspection-F.xamination  of  structural  parts  and  components  for  surface  and  subsurface 
defects  without  damaging  the  structure. 


I 
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Table  W-3. -Postrepair  Defect  Inspection  Methods 


Accxjstic  emission 


Voiil  Aliy  uiiIhiikIoi.1  ariM  wliicli  is  supposed  to  be  boiKleil.  Many  subdeniiitions  of  voids  are  oClen 
given,  sueli  as  lack  ol'adliesive,  gas  pocket,  misfit,  porosity,  etc.  This  section  of  tlie  manual  makes  no 
distinction  between  terms  but  groups  them  in  a general  term  "void". 

I'he  following  definitions  of  levels  of  nondestructive  test  inspectors  are  from  MU  -,S  ri)-4 1 01)  and  are 
included  here  for  convenience: 

NlVr  I evel  1 A l evel  1 individual  shall  know  the  practical  aspects  of  the  certified  NDT  method;  the 
importance  of  following  procedures  exactly  and  be  able  to  perform  operational  type  tests  using 
techniques  specified  by  l.evel  II  or  III  personnel,  lie  shall  be  knowledgeable  of  the  cleaning  and  any 
other  necessary  preparation  of  parts  before  or  after  inspection,  lie  shall  be  proficient  in  setting  up  :md 
conducting  the  required  test  of  the  material,  part,  or  assembly. 

NOT  l.evel  II -In  addition  to  Level  I requirements,  a Level  11  individual  shall  be  i)ualified  to  direct 
and  carry  out  tests  in  the  method  certified.  He  must  also  be  able  to  .set  up  and  calibrate  equipment 
(where  applicable),  read  and  interpret  standards  and  specifications  and  contracting  agency  documents. 
He  shall  be  thoroughly  familiar  with  the  scope  aiul  limitations  of  the  method,  and  shall  have  the 
ability  to  apply  detailed  techniiiues  to  products  or  parts  within  his  limit  of  qualifications.  He  shall  be 
able  to  organi/'e  and  report  test  results.  He  shall  know  practical  theory  and  be  familiar  with  utilizing 
technique.^  He  must  be  aware  of  the  need  for  and  the  limitations  of  reference  standards.  He  must  be 
familiar  with  the  type  and  location  of  expecteil  defects  for  the  fabrication  process  used  to  make  the 
parts. 

NDT  Level  III  In  addition  to  Level  I and  Level  11  requirements,  a Level  111  individual  shall  be  capable 
of  establishing  technitpies.  interpreting  specifications  aiul  codes  designating  the  particular  test  method 
and  techniques  to  be  used,  and  interpreting  the  results.  He  shall  be  capable  of  evaluating  the  results 
in  terms  of  existing  codes  aiul  specificiitions  and  shall  have  sufficient  practical  background  in 
a|iplicable  materials  technology  to  assist  in  establishing  tests  and  acceptance  criteria  when  none  are 
otherwi.se  available.  When  applicable,  he  shall  be  knowledgeable  in  the  other  nondestructive  testing 
methods.  He  shall  be  capable  of  preparing,  conducting  and  grading  examinations  for  qualifying  NDT 
Level  I.  li  and  III  personnel.  He  shall  be  able  to  determine  if  an  individual  has  used  the  correct 
procedure  and  to  recognize  the  use  of  improper  methods  or  techniques. 

10.1.4  PERSONNEL  QUALIFICATIONS 

Nondestructive  inspection  of  adhesive-bonded  assemblies  is  relatively  new  as  compared  to  inspection 
where  other  NDl  is  employed  (e.g.,  penetrant  and  magnetic  particle).  Lhe  effectiveness  of  these 
techniques  depends  on  their  proper  application  by  trained  and  qualitled  operators.  Mil  -.STD-4  lOD 
outlines  the  qualification  and  certification  requirements  for  NDl  personnel.  Unfortunately,  it  does 
not  cover  the  requirements  applicable  to  adhesive  bonded  assemblies.  Until  these  requirements  an' 
also  incorporated  in  MlL-STD-410.  the  responsibility  to  ensure  qualified  operators  depends  on  the 
user  of  these  techniques.  It  is  recommended  that  an  equivalent  of  an  NDl  Level  111  determine  the 
type  of  technique  to  be  used  for  pre-  and  post-damage  repair  inspection  of  adhesive  bonded  assemblies. 
A Level  I or  11  inspector  will  conduct  the  NDl  examination.  The  Level  II  inspector  will  evaluate  the 
inspection  results  for  determination  of  repair  requirements  or  acceptance  or  rejection  of  the  repaired 
parts. 
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10  1.5  rtST  ST,\NI)ARI)S 


F 


I 


i 


1 


riicrc  >.lKniUI  Iv  ;il  liMsi  two  b;isic  stuiuhirils,  ( 1 ) melal-lo-melal  with  a known  void,  and  (2)  inetal- 
cori'-mctal  w itli  kiu>wn  vi)id,  to  citeck  thv  I'urKtioninj:  of  tliv  instrument, 

Prel'erretl  .Staiulards  ^ 

v. 

1 est  standards  to  calibrate  and  standardize  tlie  bond  inspeetiun  instruments  are  very  essential.  An 
mspeetion  teehnit|ue  is  usually  as^otrd  as  the  test  standards.  In  ideal  eonditions,  the  test  standard 
with  know  n voids  of  selected  sizes  should  closely  duplicate  the  structure  to  be  inspected.  I he 
laminated  skins  should  be  of  the  same  thickness  and  the  honeyctmib  core  shouM  be  of  the  same 
thickness  and  deiisitv . Other  variations  such  as  tapered  core,  chemically  milled  skins  and  doublers, 
etc.,  should  be  incorporated  in  the  test  standanl.  I'xcepl  for  implanted  defects,  the  test  standard  for 
adhesive-bomleil  structures  should  be  fabricated  in  the  same  manner  as  the  bondeil  assembly.  I he 
voiil  or  ilefect  should  be  introduced  in  the  same  bondline  as  that  to  be  inspected  in  the  structure. 

This  IS  typically  accomplished  by  replacing  the  adhesive  patch  with  a patch  of  tellon  or  partint:  film 
approximately  the  same  size  and  thickness  as  the  cured  adhesive.  Multiple  layers  ol  tellon  or  partiii)! 
film  should  be  used  to  achieve  the  proper  thickness  and  to  assure  that  a true  disbond  is  incor(ioraled 
(tellon  or  parting  I'iliii  w ill  not  adhere  to  itself). 

NOrii:  lellon  may  bond  to  the  part  and  not  make  a good 

disbond.  If  this  happens,  the  standard  shall  be 
re  fabricated. 

As  an  alternate,  multiple  layers  of  Kapton  film  have 
also  been  suggesteil  to  create  a realistic  Innulline 
defect. 

There  are  other  methods  of  creating  voids  which  have  had  some  success.  One  of  these  is  to  machine  an 
area  from  one  of  the  metal  substrates  equal  in  size  to  the  void.  Another  method  is  to  replace  a patch 
cut  from  the  adhesive  with  a piece  of  precured  adhesive  of  the  same  size  and  thickness.  A third 
method,  in  the  case  of  honeycomb,  is  to  crush  the  core  or  machine  the  core  so  as  to  eliminate  the 
contact  between  the  core  and  the  metal  layer.  Replacing  the  adhesive  patch  with  a patch  of  tellon 
or  parting  film  is  preferred. 

Substitute  Standards 

When  the  ideal  test  standards  are  not  available,  some  other  standards  which  are  similar  in  structure 
to  the  part  being  tested  may  be  used.  However,  honeycomb  standards  shall  not  be  used  for  inetal-to- 
metal  laminate  structure  and  vice  versa. 

Inspection  Without  Standards 


When  standards  are  not  available,  a known  undamaged  area  can  be  used  as  the  standard.  To  inspect 
the  repaired  area,  compare  it  to  unrepaired  area.  The  instrument  reading  may  change  due  to  structure 
ctianges  resulting  from  the  repair.  Repeated  inspection  scans  must  be  conducted  under  various 
instrument  settings  and  the  inspection  should  be  verified  by  another  type  of  instrument.  A knowledge 
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('f  the  part  configuration  (i.c.,  number  of  bomllincs,  aiibesive  thickness,  skin  thickness,  etc.)  is 
essential  in  interpretation  of  test  results. 

10.1.6  PREREPAIR  INSPECTION 

Most  mechanically  ilamageil  areas  can  be  iletectcil  visualK'.  however,  the  extent  ami  the  outline  ot 
any  ilamage  require  a carel'ul  evaluation.  I'he  following  guiilelines  shoiilil  be  followed  when  applicable 

1 .  Outline  the  ilamageii  area  after  visual  examination. 

1 Verify  ami  revise  the  outline  by  coiuliicling  a tap  test. 

.1.  Verify  further  by  using  a portable  Nl)i  instrument  such  as  the  Harmonic  Homl  Tester  or  the 
Somiicator. 

4.  On  melal-lo-metal  laminations,  the  Tokker  Boml  1 ester  can  usually  trace  a well-iielineil  outline. 
Careful  cleaning  is  reqiiireil  to  remove  the  coiiplant  after  inspection  if  this  method  is  used. 

.X.  If  there  is  a visible  crack  in  the  skin,  the  extent  of  the  crack  can  be  determined  by  using  an  eddy 
current  inspection. 

(>.  If  the  damage  is  in  the  honeycomb  section,  an  X-ray  examination  should  be  conducted  to 
determine  the  extent  of  core  dama.ue  ami  or  moisture  in  the  core. 

If  the  damage  is  in  the  adhesive  potting  or  foam-spliced  areas,  an  X-ray  inspection  is  recommended. 

8.  If  the  damage  is  in  a multilaminate  area,  throueh-transmission  ultrasonic  inspection  is  recommended. 

4.  If  the  damage  is  in  the  multiple  bondline  of  honeycomb  structure,  through-transmission  ultra- 
sonic inspection  is  recommended.  The  exposed  areas  must  be  sealed  oit  to  prevent  water  entry. 

10.  lise  tables  1 0-1  and  10-2  for  selection  of  the  appropriate  nondestructive  inspection  technique. 

I 

10.1.7  POSTREPAIR  INSPECTION 

Postrepair  inspection  should  be  conducted  to  determine  that  no  area  has  been  left  unbonded  ami  no 
additional  dclamination  resulted  during  the  cure  cycle.  The  selection  of  Nl)l  techniques  should  be 
per  fables  10-2  and  lO-.T  Die  in.spection  procedure  should  be  guided  by  whether  or  not  test  standards 
are  available.  The  following  guidelines  shall  be  followed  when  applicable: 

1.  Conduct  visual  inspection  of  the  repaired  area  for  obvious  defects. 

2.  Conduct  NDf  with  cnie  or  more  portable  instruments.  The  selection  ol  the  instrument  should 
be  per  tables  10-2  and  10-3. 

3.  On  metal-to-metal  bonded  repairs  (especially  on  narrow  laminated  steps)  the  Fokkei  Bond 
Tester  inspection  method  should  be  considered. 


4.  If  tlio  rcp;iireil  area  lias  ailliesive  pottinj:  oi  a t'oain  splice  in  the  honeyconih  area.  X-ray  examina- 
tion is  recommeiKleil. 

5.  It'  the  repaired  area  consists  of  mnltilaminate  or  multiple  homllines  in  the  honeycomb  area, 
ultrasonic  throuph-transmission  is  most  ilefimine. 

0.  When  staiulanls  are  not  available,  the  repaired  area  may  be  compared  to  an  unrepaired  area. 

Vile  instrument  rcadini’s  may  change  due  to  structure  changes  resulting  from  the  repair. 

Repeat  the  inspection  scan  using  various  instrument  settings  and  verify  inspection  results  with 
another  type  of  instrument. 

10.2  C'.ENER.XL  DESCRIPTION  OF  NDl  METHODS  AND  EQUIPMENT 
10.2.1  METHOD  SENSITIVITY 

Defect  detection  sensitivity  between  teclmi(|ues  with  respect  to  defect  si/e  and  location  changes  with 
changing  conditions  such  as  part  complexity,  operator  experience,  etc.  Most  instruments  may  be 
successful  in  detecting  the  niaiority  of  defects  most  of  the  time.  However,  in  some  instances  special 
techninues  and  skills  are  needed  to  conduct  a reliable  inspection. 

Figures  10-1.  10-2.  lO-.Tand  10-4  show  relative  capabilities  of  several  teclmiiiues. 

2.0 

1.5 

1.0 

.5 

0 

Total  laminate  (two  sheets)  thickness,  in. 

Figure  1 0-1. -Relative  Instrument  Sensitivity-Bonded  Laminate  Inspection 
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Thermography 


Ultrasonic 


Fokker 


Sondicator 


Harmonic 
bond  tester 


Tapping 


Visual 


Greater 


Relative  time  to  inspect 
Relative  expertise  required 
Relative  sensitivity 


Figure  10  4.— Genera!  Comparison  of  Inspection  Techniques 
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10.2.2  VISUAL 


Noiiilestructivc  inspection  by  visuul  iiic;ins  is  by  far  the  oldest  and  most  economical  method,  f onse- 
quently,  visual  inspection  is  performed  routinely  for  damape  assessment  and  at  all  stapes  of  repair. 

In  some  instances  visual  aids  such  as  microscopes,  borescopes,  mapnifyinp  plasses,  and  other  optical 
devices  are  used  to  insp  'ct  areas  for  defects  that  are  either  inaccessible  or  cannot  be  seen  with  the 
unaided  eye.  See  fipure  10-.“'  for  an  example  of  visual  inspection  with  the  aid  of  a Hashlipht  and  the 
correct  anple  of  vision. 

10.2.3  TAPPING 

Tappinp  inspection  ( fip.  1 0-6)  is  a nondestructive  method  for  detection  of  voids  or  delamination  in 
fK-mded  areas.  When  tappmp  any  area  usinp  a tappinp  hammer  (fip.  10-7),  coin,  or  other  suitable 
object,  a rinping  sound  is  produced.  The  tappinp  rate  is  accomplished  to  produce  a continuous  sound 
so  that  any  difference  in  sound  tone  can  be  detected  by  a trained  ear.  This  inspection  should  be 
conducted  in  a relatively  quiet  area. 

10.2.4  ULTRASONIC 

Ultrasonic  inspection  has  proven  to  be  very  useful  for  detecting  internal  delaminations,  voids,  and 
inconsistencies  in  bonded  structure.  The  method  uses  sound  waves  with  a frequency  above  the 
audible  range.  The  w.'ves  am  induced  into  the  part  by  a piezoelectric  transducer  transmitter.  This 
sonic  energy  travels  through  the  part,  and  any  marked  Jianpe  in  acoustic  properties  of  the  material 
will  affect  the  sound  traveling  to  a receiving  transducer. 


Eye  above 
reflected 


Figure  10-5. -Visual  Inspection  of  Meta!  Surface 
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Figure  10  6.  - hip  Testing  Honeycomb  Panel 


I Ik-  mlorm.ituHi  lo  llu-  liansiiiui-'r  iii;iy  In.-  liisphiyoil  In'  .1  iiK'lor.  (iron  ;m  (iscillos<.'(>|H'  or  (Noto 

Hus  uso  ol  iiulikiHl  souiul  wavi's  is  in  aMitr;is(  lo  tlu-  nioustic  i.-inission  uu'lluul  ik-siiilHsI  m soi.  lO.J.' 
ID  wliiili  till'  soiiiui  svnvi’s  nuMsiuvil  ;u\'  those  eiuitUHl  In'  the  p;u't  itsoll.) 

I Ik'iv  .III-  l';isii',ill\  lliroe  Iv'pes  ol  ultnisonie  inspeelion  inslnmu-nls  used  loi  hoiul  U'slin!’.  I hese  me 
■IS  I'ollows; 

• llieh  rreiineiiey  ( I mil/  to  > mil/ 1 

• 1 o\v  I’reipieney  I I kll/  lo  51)  kll/l 

• Kesoii.mee 
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Liquid/paste  adhesive  may  be  used  if  dcsiied.  Hole  iii  haodle/head 
may  l)e  reduced  to  provide  ao  interference  fit  and  preclude  the 
need  for  the  adhesive. 

12^AII  machined  surfaces,  ref  MIL  STD  10 


Figure  10- 7. -Inspection  Tap-Hammer  Details 


( Ik-  Iu!;Ii  (iviiik-iu\  (ik-(IkkI  tvqtiiios  .1  lOiipl.iDl  Midi  .is  oil,  viimm-.  01  w.ili-i  Ih-IKi-i-d  iIu-  inloil.Ki-  ol 
tlk-  tr.insiliKvi  ;iiul  llu-  p.irt  I'lii-  iinils  .110  vpiiti-  voininoiily  iisi’il  ;il  .1  tivoil  Kk.iIioii  wIu-h-  iIk-\  .in- 
iiM-il  Killi  roioiJiiij:  i'i|iii|’nK-nl  1 ovv  rR-iiiK-iKV  oniiipiiK-nt  is  moiv  popiil.iilv  iisi-il  whou-  poi  t.ibilits 
IS  ri'<|iiiivil.  Il  iloi-s  not  iviiiiia-  .1  lOiipl.ml.  It  is,  lunvi-vi'i.  It-ss  .Knii.iti-  .iiul  lypK.ilK  iloi-s  not 
provuK-  .1  pornuiiu-nt  roooal.  Hk-  ivson.iiit  typo  oiiinpinont,  .iltlioufilt  >;oiu-r.illy  poit.il'lo,  iloos  roipiiio 
.1  ooiipl.int.  It  IS  oonsiiloivil  nioiv  acoiiriito  tluin  tlio  low  Iroipioiuy  oinii|Miu-nt  loi  mspootint:  l.iiiiiii.itoJ 
motal  aroas.  MotlioU  solootion  may  1h-  in.ulo  on  1011111101.1  sonsitivily  amt  oi'orator  laiiiillarity  .iml 
prot'oronoo.  1 lioso  motlunls  aro  tiiUlioi  dosoril'Oil  in  tollowini;  sootions. 

1 lioro  aro  two  privoilnros  t\'r  inspootii'ii.  I hoso  aro  oitlior  piilso  oolio  or  iIirhi.oIi  tr.insinission  1 lio 
piilso  oolio  is  lu'rin.illy  usoil  .is  .1  sniirlo  oiinl.iol  niollioil  .iiul  roi|inros  aoooss  to  only  ono  skIo  r't  tlio 
^'imipi'iiont  I lio  siHiiul  is  lo-llootoil  t>l t .1  surlaoo  aiul  ni.iy  Ik*  ilispl.iv  oil  mi  .1  iiu-toi  iir  on  .m  iisi  ilK> 
soopo  as  a ihsoroto  si.mial  lor  o.ioli  rollootivo  snrt.Ko  I ho  tooliiiuiiio  o.in  also  bo  antoniatoil  aiul  a ( 
soan  roooiilm,i;  ni.ulo  It  is  iis.iblo  on  most  ni.itorials  wlioro  tlio  siim.il  stroiiptli  is  snob  tli.it  .ibsoiptum, 
soatlorim;.  or  rollootion  ol  somul  siimirio.miK  ililTors  ovor  pooil  or  iloloolivo  .iro.is  i>l  tlio  p.irl  I lioro 
IS  lypioalK  no  pornianoni  rooon!  ol  tlio  mspoolioii  wlion  tlio  oiimpmoiil  is  nsoil  as  a porl.iblo  imil 

Dol'ool  iiulio.ilu'iis,  liowovor,  o.m  bo  m.irkoil  on  tlio  part  .nul  ov.iln.iloil  by  tlio  mspoolor  .it  tlio  Imio  ol 
mspootion.  1 HioioiioN  of  tlio  inspootion  is  limiloil  b\  part  oonfiuiiralioii  Norm.ilh  , oonlaol  iiispoolion 
will  I'iiul  anonialios  m tlio  boiullmo  noarost  tlio  prol'o  oiilo.  if  oaimol  bo  iisoi)  for  iloloolion  olMolools 
111  boiulliiios  boyoiul  tlio  lionoyoomb  ooro,  nopomimi;  on  tlio  m.ilori.il  ami  tlio  p.irlionlar  iiistriimoiil 
typo,  sonsitivilx  ol'toii  ilooro.isos  rapiilh  bo\oiul  tlio  I'irsl  boiuUmo  ovoii  111  l.imm.ilos 

I lirmi.oli  Ir.iiismission  proviilos  a iiu'io  ilolinitivo  motlioil  ol  nltrasoiiio  inspootH'ii.  Ibis  puHoilmo  b.is 
Ibo  ailvaiila.uo  ol  rospoiuliii)r  to  ilisoontimiitios  U'o.itoil  Ibroiiirlumi  Ibo  iloplb  ol  niiiltil.iyor  Ih'iuIoiI 
siriioinros.  Ono  transilnoor  is  iisoil  to  transmit  tlio  somul  wavos  .nul  tlio  otbor  to  roooivo  Ibo  siimal 
.iHor  il  passos  tbroni;b  ibo  rojiion  ol  Ibo  striutnro  bomi;  lostoil.  \ oiits,  ilol.imnialum,  oriisboil  ooro, 
or  otbor  aiiom.ilios  in  Ibo  sirnoinro  alloniialo  Ibo  ir.insiiiilloil  si.un.il.  I bo  Iraiisilnoors  miisl  bo  .ib.mioil 
porpoiulioiil.ir  to  tlio  p.irt  to  .issnro  masmumi  as.iilablo  nllr.isonu  sipti.ils.  In  Ibo  o.iso  ol  bonoN  oomb. 
Ibo  transilnoor  .ib.imniont  must  bo  as  no.irly  p.irallol  to  Ibo  ooll  .is  possiblo  1 bo  mspootion  0.111  lu- 
ooiulnolovl  by  a niannal  oonlaol  motluul  or  inoorporatoil  into  .111  .iiilonialoil  soannor  Ib.il  is  oonploil  to 
a C-soaii  rooonlor.  I bo  somul  .itlomi.ilion  iliio  to  irro>;iil.irilios  in  ibo  sirnoinro  o.m  aoonr.itob  bo  Ir.iooii 
III  pl.m  viow  on  Ibo  roooulmi:. 

High  I roiinoiioy 

lligb  lroi)nonoy  nlli.isonio  mspootion  ni.i\  bo  oitbor  ooiulnoloii  b\  Ibo  pnlso  oolio  ihoIIukI  as  slum  n in 
rignro  IIVS  nr  by  Ibroiigb-lransniission  sbown  ni  rigiiro  Ul  Sovor.il  msirnmonis  .no  ax.iil.iblo, 

1 s.implos  inoltiilo  Ibo  Imniorsoopo,  Kollo  losoi'po,  Kr.mikr.inior.  M.i.imollns.  olo. 

riio  Ibrongli-lransimssion  proo-oilnro  isnuilo  oonimonix  tisoil  lor  bosi  ilolool  itol'imlion  tsoo  lip,.  10  1 
ami  10-JV  I bo  main  ilis.uK.mtapos  of  this  moliioil  .110  Ib.il  it  is  tniio-oonsnmmp  ami  l.ioks  pori.ibibix 
Otbor  bniilalions  aro  that  Ibo  ooiipl.inl  (w.iloi  01  oil)  niiisl  not  il.niiapo  Ibo  part,  aoooss  lii  opposito 
snriaoos  is  roiimroil,  ,1  oonliniioiis  p.ilb  iiiiisl  bo  av.nlablo  to  oomlnol  somul  Ibronpb  Ibo  p.iil,  .iml  Ibo 
iloplb  of  a ll.iw  IS  not  ilolorniin.iblo  if  moro  Ilian  ono  bomllmo  is  prosoni  In  sinlo  ol  iboso  probloms, 
Ibroiipb  lransmission  nllr.isonu  roni.nns  ono  of  Ibo  iiiosl  lob.iblo  ami  sonsiluo  molboils  lor  mspoolmp 
.ulhosivo-bomloil  oonipononis. 


10  16 


1 liri>ii!’li  lt,iitMiti'>''ion  iiis|Vi'I iDii  I'.iii  I'l'  ii'Hiiiuli'il  l'\  imiiK'iMii!'  tiu'  p.iil  iii  w.ik’v  oi  l'\  llii'  U'-o  "I  .1 
w.iloi  n'liiiuii  ,|N  show  11  m U)-U).  In  usiiii;  llu'  w.iK'i  ^olimiii.  iIkto  must  ho  110  wuloi  huhl'los 

Ih’Iwoou  llto  ti.msiliKor  miii  llio  I'.iK  .ts  this  vmII  I'.iiisc  l.ilso  iuihi.ilious  ot  ilotoots. 


1 lio  1 111 I'u'.'lt- ti ausuussiou  motlioil  0.111  oomoiiioiitlv  I’o  sol  up  to  .iiiloiu,ilk.ill\  si, in  Ilio  p.iil  .iiul 
proiliioo  .1  pt.iii  MOW  roooiil  .issliowii  111  liiuiro  10  1 I I lio  roooiil  iiuik  .ilos  (ho  lol.iiuo  mloiisits  ol 
iho  suui.il  lliroiiiih  llio  p.iit  I ho  sotup  111. i\  i'o  .1  00  110  00  l\  po  looouliui’  01  itulio.ilo  loioK  ol  mioiisilx 
I Ills  l.iiloi  ui.i\  ho  .looomplishoii  willi  .1  luiilliooloi  ivoonhui’  ho.ul.  as  sliowii  m rii'uio  Ul-1  or  a 
oi'uiputori/oii  iiiotlukl  uia\  ho  usoii  wlioio  tlio  priulout  is  a v.iri.ihlo  uiiiiil'oi  01  ilaikuoss,  ,is  sliowii 
pro\  ioiisl\  111  I'iouio  101  1 


riio  si'.iiiuiiii!  r.itos  .iro  HI  1 ho  \ k'lui I \ ol  0111.  sik' toi  tlio  hl.k'k  .uul  w Into  loiouliiip  .iiul  1 111.  si  i loi 
Iho  miiltioolor.  I lio  lalloi  is  slowoi  hoo.iiiso  ol  iho  rospouso  liiiio  ol  Iho  uiiillipio  looonliuii  polls.  Au 
moio.isoil  I'ovor.i.iio  ralo  ui.i\  ho  ohiaiiioil  In  uso  ol  imiltihoail  tiaiisiiiil lor  looonor  nulls  .mil  oompuloi i/oil 
uioiIuhIs. 


Figure  fO-S.-Operulio/)  of  Pulse  Echo  Unit  on  MultiUiminete  Stt)n(i,rr(i 
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I IIS\  I IVtllllMU'V 


Fiiiuiv  W 9 Wjter  Cotiplod  Lllti.isonir  Through  Tt\tnsmission  Unit 


1 1\>.'  ll.iimonu  li’sKM  IS  Miit.il'lo  loi  i.ipiil  in.iiui.il  i.Ik'i.IssoI  llu'  ii’i'.iitvil  .iiims  I lu'  piol'i' si/i' 

( .ip|Mo\uu.iK'l\  1 1 t iiis'lios  ID  l'\  I I UK  Ill's  lii.!’,li  Miniils  .im'ss  lo  till' .lU'.i  Mi'M  lo  ll\i' 

M'llli.ll  si'itioils  Ol  ll.lls  HI  (I'l's.  I III'  skill  Ill'M  to  till'  prol'l'  liuisl  ll.lM'  I'Oi'll  I'll'ilrii.ll  n'lliilK  ll\ ll\  . 
Iii'iii'i'.  It  IS  iiiHsi  iiii'.il  lor  .iliiiiiiiiiiiii  l.ii'i' slii'1,'1  sirik  iiiivs  I III'  iiisi I imii'iil  si'iisiin  ii \ loi  \oiil 
lii'li'i'Iioii  ill'll I'.isi's  i.ipiilU  lor  skill  Iliii  kiii'ssi's  ovi'i  l)  I'ott  null  .Hill  lu'.ii  llu'  I'lls'i's  ol  tlio  p.iit 


•Son./;.  ,1/0)  till'  Sv'iiilii.ilor  tin',  U'  111  is  ,i  pulsoil  ir.iiisiiiil  ii'n'iii'  iilli.isoiiii  poil.ibk'  iiisiriniu'iil 
111. 1 1 IS  (.'.ip.ll'li'  ol  O pi' I .III  IIS'.  Ill  .1  \ I'l  \ low  .li  oust  U I ll'i|lll'lli  \ I .lllf’l'.  - ll'  ■'0  k 1 1/  1 111'  lllsl  I Ullll'lll 

opi'l  .Ill's  W lllllll  tills  1.1  Mill'  .It  .1  slllpli'  Ill'll  lli'lli  \ I Ills  IS  Si'll' I I I'll  In  lll.lllll.il  I II 11  111!’  lOl  I'l'sl  lllsl  I U 
llll'lll  I'l’I  ll'l  111. Hill'  1 111'  lllsll  Ullll'lll  Is  usi’ll  pillll.lllK  lOili'll'il  ili'l. lllllll. ll  lOlls  ol  l.lllllll.ll  l\pi'\OUls 


llli'l.ll  l.lil’  sIk'OI  ol  .1  1.1  111  111. Ill'  Ol  llOlll’l  I Oiul'  sh  Ui  lull'  1 1 I Ill'll  uli’.lsllli’s  I 111’  .ll  oust  K .ll  li'spousi’  ol 
tills  \ ll'l. 1 1 111!'  I.lil'  1 III’  I oil  Opi'l. Ill's  .11  .ippiov  nil. Ill'll  I ■s  kl  1.'.  .lIlil  Its  I'li’i  IIOIll.lpili'lK  III' III  I ll'l. Ill’s 
till'  111  l'  slll'i'l  .It  I W ll  i'  I 111'  i Oil  I ll'illll'lli  \ I 111'  l.li  I'  sllii'l  \ ll'l.lliolls  I 1 1'.  Ill'  SI  >11 1 III  W .IV  I'S  W llli  ll  .III' 

.III  lOUpli'il  to  .1  mil  Il'pIlOIll'  loi  .Ill'll  .lI'OVi'  I 111’  I'li'i  I loill.ll'lll'l  ll  lOll  III  till'  piol'l'  1 111'  .Uliplll  lull'  ol  llli' 
.llOtlsIli  ll’spoilsi’  Is  lllllll  .Ill’ll  I'V  .1  llll’ll'l  I 111'  lll'l’ll'l’  ol  llli’  .li'oilslli  .Uliplll  lull'  Is  illll'ilK  ll'l. ill'll  lo 
I III’  r.ll  I’  slll'i'l  111  0\  i’ nil’ 11 1 Ol  lllsl'oilll  I il'lll'l  .llh  , till’  ll'spoilsi'  I lolll  ,1  p.ll  I I'l' 1 11!'  lllspi'i  li'il  Is  I Hill  p. 1 1 I'll 
lo  .1  pil'llOllsU  pi  I'l'. Ill’ll  sl.lllil.llll  Il'pii'si'UllIl!'.  .ll  i I'pl.ll'll’  .Hill  li’ll'i  l.ll'll'  .III’. IS 


Fiijtiit’  10  10  — Through  T/.msnJisSKni  Insprctuu^  Using  Column  .is  Coupling  Agrnt 


in  Ih'IIi  lUMlIlK-t.ll  .liul  IIK'i.ll  sIllKlllins  I lu'  llls|\\  Ill'll  lll.n  I'l'  |'i'l  I I'l  llU'il  lli'lll  I'lK'  I.Ui'  I'l  llu' 
stiiK  tiiu'  I 111’  10  1 1 1 I'l  l'\  I 111  mil'll  li.iii>misMi'ii  111!'  I i'  1 ■'  I 


I III'  ''I ' I 111  U .III 'I  1 1 .1'lMIllIs  .1  slll'l  I I'uIm'  v'I  M'lliul  mil ' .1  I '.I  I I .liul  I Ill'll  I I'l  i'll  i'--  I 111'  M 'll  III!  ,1 1 I I'l  11  ll.lv 
1 1, a I'li'i)  M'liii'  ilisl.iiiii  I III  "Ill'll  I III'  j'.ii  I I'm  111!'  ill  I'l  1 1 .11 1'l.  ili.iiii'i'v  111  till'  I'.ii  I's  v|  I 111  lull'  I .iiui' 

I li.iiii'i'v  III  I 111'  .11 II  I'll  liiili'  .Hill  I'l  I'li.iM'  1 1 i'  1 mil'  sliil  1 1 I'l  till'  ii'i'i'iv  I'll  M'liiiil  1 111'  Si 'lull  1 ,1 1 "I  ill' 1 I'l  Is 
llii'si'  ili.i  mil's  111  sill  li  ,1  iii.iiiiK'i  I li.il  till'  iiispi'i  ii'i  I .111  li  .nisi. 1 1 1'  I lli'lll  ml"  llu'  i "i  ii'si'i'iiilni','  i li.nn'i's 
III  dll'  sdiii  mil'  In  iii.iitn.il  .ii'plii  .ilu'ii,  llu'  nisiinnii'iil  li.is  Ininli'il  .a  n-ss  i"  .iii'.is  iu'M  I"  ilu'  will.  .il 
siiiii'ii  "I  .1  ii'i'  .niil  li.it.  .IS  limiti'il  I'v  till'  si.'i'  "I  till'  I'li'I'i'  t.i|'|'i"\nn.iii'l\  I 1 1 niilu's  m ili.inu  ti'i 
.liul  1 I ' nil  Ill's  liii'.li ' Mnltii'li' l'"iiillini's  .liul  1'. Ill  I'lli'i's  w ill  ii'iliiii'  till' si'iisiia  il\  "I  llu'  nisii  niiii'iit 
I 111'  Hist  1 null' lit  I'l " I'l'  IS  i'l'iii'i.i  III  III  I "II Mi  l u II  II  dll'  I'.II  I sin  i.ii  i'  u lu'ii  nispi'i  i im'  1 1 "in  "lU'  suli' 

"11 1\  \\  Ill'll  iisi'il  111  this  nii'ili'  dll'  I'l'Uil  I Ill'll  I'l'  till'  sin  1.1 1 1'.  sill  11  .is  I il'i'i  !'l.iss  I "ni'.liiii'ss  "i  pi-i  lai  .iii  .1 
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.K'oliNtK'  siiti.K'os,  may  at'tVt  t tlu'  rcailm^  aiul  imi’  lalso  milii'alions.  Siirlaoi.  ».i'ntact  t'aiiscs  wear  on 
the  prohe  lips.  1 hoso  shoiil-.l  t'o  osamitK'd  rrei|iii‘iitly  li)  assure  iliey  liave  lun  worn  to  a point  wliere 
instrument  sen^itnity  is  at'teeteil.  Sensitivity  may  he  valiilateri  Iw  inspeetion  of  a stamlaiil  test  panel. 

Kesouauee  Type 

inkker  h’l'uJ  /'f.sfer.  1 he  fokker  Hoiul  t ester  (fig.  lO-lP)  is  a portable  instrument  that  operates  by 
a transilueer  resonant  methoil.  1 he  system  is  a eombination  of  ultrasonic  aiul  physical  vibrating 
techniques.  The  I'okker  instrument  consists  of  two  basic  elentents.  I he  bulk  ol  the  instrument,  or 
Its  first  element,  conl,iins  the  pt>wer  plant  aiul  the  ilriving  mechanism  as  well  as  the  reailout  sc,iles. 

I he  secoiul  element  is  the  tninsiiucer  or  probe,  which  is  maile  to  v ibrate  at  resonant  lre<iuenc>  . 

The  instrument  reiiuires  ,i  coupkint  meilium  such  as  a light  oil  or  glycerine  mixture.  1 he  necessity 
for  the  remov,il  of  tlie  couplani  aflir  inspection  is  a ilisavlvantage. 

I he  h'okker  Hoiul  fester  is  especially  ailaptable  to  the  inspection  of  boiuKul  metal  laminates.  It  is 
more  sensitive  for  this  applic.ilion  than  tlie  low-frequency  instruments  ilescribeil  in  section  10. '.4. 
fhe  instrument  m.iv'  Jiscriminale  between  vouls  in  multiple  boiullines.  Ihe  sensitivity  decreases 
beU'w  the  first  lu>iuiline,  especially  in  the  case  lO  heavy  structures.  In  practice,  the  instrument  is 
staiulanli/eii  on  .i  face  sheet  t'r  sheets  I'l  the  same  thickness  as  those  in  the  boiullines  tv'  be  ins|>ecleil, 
\ /VTO  reailmg  is  ol't.iineil  on  Ihe  slanO.irJ.  W hen  Ihe  insiriimenl.  thus  ailjusleil,  is  .ipplieO  to  Ihe 
boiuleil  joint,  a shift  in  frequency  aiul  a change  in  amphtiule  arc  obtained  that  relate  to  Ihe  quality 
of  Ihe  boiul.  In  use.  the  ir.msilucer  must  be  positiveh  posiiioiuul  as  the  reading  is  obtained.  It  is 
then  repositioned  for  the  next  reading.  In  this  manner  a defect  may  be  plotted  or  outlined  On 
multiple  mel.il-li'-mei.il  bondlines,  the  inspection  should  be  conducted  from  Ihe  side  ol  the  thinnest 
outside  adhereiul  (fig.  10-1  f'onl.icl  must  be  continuous  between  the  probe  and  Ihe  adherend  (no 
bubbles),  fhis  msirument  is  not  .ilways  sensitive  on  honeycomb  assemblies,  therelore  it  should  be 
used  oiih  if  successful  m detecting  voids  in  Ihe  standard. 

U).:..';  R.\1)1(X1R APMY 

Radiography  is  a verv  useful  NOl  method  in  that  it  essentially  allows  a view  into  the  interior  of  the 
part.  Portable  equipment  is  avail.ible.  aiul  m smne  instances  inspection  can  be  done  willunit 
removing  the  part  from  the  aircraft.  In  most  cases,  however,  the  part  is  taken  to  the  \-ra\  laboratorv . 
fhis  more  readily  allows  access  to  both  sides  of  the  part  and  allows  the  part  to  be  placed  in  a position 
where  it  can  best  be  inspected  for  a particular  defect. 

fhe  technique  provides  tlie  advantage  of  a permanent  film  record.  On  Ihe  otlier  haiul,  it  is  relalivelv 
expensive,  and  special  precautions  must  be  taken  because  ol  the  potential  radiation  h.i/aril.  W hen 
inspecting  with  a radiographic  method,  use  trained  personnel  and  verification  standards.  I'ondiicl  a 
daily  check  of  the  film-developing  solutions.  Do  not  bypass  radiation  safety  requirements  v'r  .it tempt 
to  reduce  inspection  time  by  increasing  the  kilovoliage. 

(.'onventional  Riuliography 

This  inspection  method  utilizes  a source  of  \-rays  or  gamma  rays  to  delect  disconlinuilies  or  delects 
through  differential  densities  in  the  malerial.  .A  t\  pical  radiographic  exposure  setup  is  shv>w  n m 
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Adherends 


Inspect  from  this  side 
for  bondlines  I and  II 


for  bondline  III 


0.020  in. 

I 

0.020  in. 

II 

0.020  in. 

III 

0.040  in. 


Figure  10-17.— Proper  Fokker-Bondtester  Inspection  Procedure  for  Multiple  Meta! 
Laminate  Bondlines 


figure  10-18.  Variations  in  density  over  the  part  area  are  recorded  by  various  degrees  of  exposure  of 
the  films.  A standard  (penetrameter)  having  various  degrees  of  density  is  u.sed  in  the  scene  to  indicate 
that  proper  exposure  and  resolution  have  been  obtained. 

Since  the  method  records  changes  in  total  density  through  the  thickness,  it  is  not  a preferred  method 
for  detecting  defects  such  as  delaminations  that  are  in  a plane  normal  to  the  ray  direction.  It  is  the 
most  effective  method,  however,  for  detecting  the  presence  of  water  in  honeycomb  core  cells.  It 
is  also  very  effective  in  identifying  core  that  has  been  dislocated  or  damaged  or  voids  in  bondlines 
parallel  to  the  ray  direction.  Various  types  of  defects  that  are  detected  by  X-ray  are  as  follows: 

Water  in  Core  Cc//.s. -Water  in  core  may  be  detected  radiographically  when  the  cells  are  filled  to  as 
little  as  10  percent  of  the  core  height.  Detection  sensitivity  is  dependent  on  the  sandwich  skin 
thickne.ss  and  radiographic  technique.  A problem  may  occur  in  the  ability  to  determine  whether  the 
suspect  area  indicates  excess  adhesive,  filler,  or  water.  Water  images  usually  have  the  same  film 
density  from  cell  wall  to  cell  wall,  while  adhesive  or  filler  images  may  vary  in  film  density  within  the 
cell  or  show  indications  of  porosity.  A radiograph  of  moisture  in  honeycomb  is  shown  in  figure  10-1^. 

Crushed  Core. -This  condition  may  be  associated  with  a dent  in  the  skin.  Crushing  of  the  core 
greatly  diminishes  its  ability  to  support  the  face  sheets.  A radiograph  indicating  crushed  core  is 
shown  in  figure  10-20. 

Condensed  Core. -This  condition  occurs  when  the  edge  of  the  core  is  compressed  laterally.  This  may 
result  from  bumping  the  edge  of  the  cure  during  handling  or  slippage  of  details  during  bonding. 

Figure  10-21  shows  core  that  has  been  conden.sed  by  excess  expansion  of  the  adhesive  at  a core-to- 
fitting  splice. 
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Xtnh-  Scihiraiioii.  Tliis  coiuiititMi  ivsiills  wlu-n  tlio  foil  rihhons  an-  soparaloil  al  llio  luxlos.  I )iis 
usually  occurs  (.lurinp  core  labrication.  I(  also  may  result  from  pressure  Iniikl-uji  in  cells  as  a result 
of  vacuum  Ixip  leaks  or  failure,  which  allows  the  pressuri/inc  ^as  to  enter  the  assemhly.  A railionraph 
al  a failure  of  this  type  is  showti  in  fijiure  10  22. 

lUowii  Core,  riiis  occurs  after  a bag  break  or  as  a result  of  suiUlen  change  of  pressure  in  the  boiuling 
cycle.  I he  pressure  change  produces  a side  lotiiliug  on  the  eell  walls  that  can  eithei  distort  the  sell 
walls  or  break  the  node  bonils.  Radiographically  this  is  indicated  as  follows; 

• Single  cell  damage  usually  appears  to  be  round  or  elliptical  with  a partial  mxle-bond  separatit>n. 

• Multicell  damage  usually  appeals  as  a curved  wave  front  of  core  ribbons  that  are  condenseil 
together  t fig.  10-2.11. 

The  condition  is  nK)st  likely  to  occur  at  the  part  edge  in  an  area  ch)se  ts>  the  external  stirlace  where 
the  greatest  effect  of  suiklen  chamre  in  pressure  oecurs.  I'he  coiulition  is  most  prevalent  wherever 
theie  are  leak  paths  such  as  gaps  in  the  closure  ribs  to  accommodate  fasteners,  or  chemically  milled 
steps  in  the  skin  where  the  core  may  not  fit  properly.  When  associaleil  with  skin-to-core  unbonds,  the 
condition  is  detectable  by  pulse-echo  and  through-transmission  ultrasonic  techniiiues.  1 he  condition 
IS  very  readily  detecteil  by  radiography  when  the  X-ray  beam  centerline  is  parallel  to  the  core  cell  walls 


Figure  10- 18. -Typical  Radiograph  Exposure  Setup 
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Figure  10-22.— Radiograph  Showing  Separation  of 
Honeycomb  Node  Bonds 


Figure  10-23.— Radiograph  Showing  Blown  Core 


\fcUil-tn-Mi.'hit-f  laws . DisImiKls  liiis  lype  i.;m  oi  iiir  v,  Ik’ii  llio  coro  is  sliiililU  liiylK-r  (luiii  a slosuro 
moiiihor.  lack  of  pressure  in  tooliiiii.  or  liy  air  trapiH’il  in  llie  ailliesive  prior  to  cure.  Providint;  the 
above  reiinirenients  are  met,  this  type  flaws  are  readily  detectable  by  lou  kilovoltaye  \-ray  technii)iies 
Isee  fie.  10-2”').  If  the  flaw  is  the  result  of  insufficient  pressure,  the  adhesive  u ill  be  porous,  as 
indicateil  by  ilark  spots.  Hie  lower  the  kilovoltaee  and  or  the  thi  ker  or  denser  the  adhesive,  the 
hittlier  the  resolution  of  llie  I'law  iina.ttc'.  It  is  claimeil  that,  in  freneral.  the  flaw  si/e  detectable  b\ 
radiography  is  smaller  than  that  detected  by  ultrasonics. 

Skin-to-Corc  Voids  at  /u/ge.s  of  Clieinica/ly  Milled  Steps  or  Doidders.  This  condition  occurs  when  the 
adhesive  bridges  or  forms  a gap  at  the  edges  of  chemically  milled  or  laminated  steps  or  doublers,  as 
show  n in  llgure  10-28.  This  is  detectable  radiographically  as  a dark  line  or  an  elliptically  shaped  ilark 
image. 

Missina  Fillets.- As  pressure  is  applied  during  the  bonding  cycle,  adhesive  fillets  are  formed  at  the 
edges  of  each  honeycomb  cell.  If  pressure  is  not  maintained  properly  or  the  adhesive  is  outdated, 
weak  or  no  fillets  will  be  formed.  This  condition  is  readily  detected  by  X-ray  by  directing  the 
radiation  at  an  angle  of  approximately  30^^^  to  45®  with  respect  to  the  centerline  of  the  core  or 
closure  web.  The  fillets  appear  radiographically  as  dark  semicircles  or  he.xagons  in  a gray  matrix  with 
the  cell  walls  forming  vertical  intersecting  white  lines.  Lack  of  fillets  is  indicated  by  the  lack  of 
semicircles  or  hexagons  (fig.  10-2^)  and  10-30), 


Figure  10-24.—  Failure  of  Foaming  Adhesive  to  Fill  Core-Splice  Joint 
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Figure  10-26 -Radiograph  of  Failure  of  Foam  Adhesive  to  Expand  into  Adjacent  Cells 
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Figure  10-27, -Radiograph  of  Flaw  in  Adhesive  Bondline 
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No  fillets  in  this  area—/  Good  fillet  (fuficjted  here 

Figure  10-30. —Destructive  Inspection  Verifying  Radiograph  Indications 


Neutron  Radiography 

Neutron  railiograplu’  is  a noiuiestruetive  inspeelion  techniiiue  similar  to  \-radiograpliy  in  that  pene- 
trating railiatiiMi  is  iiseil  to  ohlain  visn.il  images  of  the  internal  lorm  ih  an  ohjeet.  Neutnm  radio- 
graph\  I'omplemenls  \-railiogra|'h\  heeause  ahsorjitiim  eharaeteristies  of  nu'st  elements  are  essentialK 
reverseil.  I hermal  neutrons  are  attenuated  In  light  elements.  As  a result,  nondesiruetive  inspeetion 
can  he  maile  of  light  elements  eneased  in  or  behind  hea\  \ elements.  Neutrons  highlight  the  adhesixe 
material  rather  than  the  metallie  struetures  seen  b\  \-rays.  A neutrograph  of  a xoid  in  an  adhesive 
bi'iulline  is  show  n in  figure  lO-dl. 

.\dhesi\e  bonding  defects  detected  b\  neutron  railiography  include  adhesixe  voids  and  porositx. 
abiuxrmal  adhesive  fillets,  and  water.  .Ns  xviih  \-r.idiographx . neutnxn  radiographx  will  not  directlx 
determine  bond  strength,  however,  voids,  resin-starved,  and  thick  bondlines  show  as  changes  in  the 
amount  (inassl  of  the  adhesive. 

Available  portable  units  using  C'alifornium-2.^2  are  capable  of  giving  excellent  results  wiihout 
rexpiiring  special  facilities  or  preparation  beyond  that  of  an  ordinary  \-rax  examination.  I he 
I’rimary  ilisailx.mtage  of  the  methxxil  is  the  necessity  tor  lengthy  expx’sure  times  (in  the  r'lilcr  ol 
20  to  .^0  hours). 
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10.2.6  I l)l)Y  C l'UUl  NT 

I Ik'  (.’Oilv  Limviil  itisivclion  li'i'liniiiiu’  K ;ipplii.;ibli’  to  the  o\imiiii;itioii  of  i.'loetiie;ill\  eoiultieti\o 
m.iteri.il  lor  tito  Ooteclioii  of  i|•reelll;l^itk'^  in  the  strnetiire.  These  it reiiiilinities  may  be  either  pli\  sieal 
or  metallureieal.  1 he  teelminiie  involses  inOtieine  eddy  etirrents  into  the  part.  Tlieir  How  pattern  is 
determined  with  a test  eoil  and  eompared  with  a test  standard.  Tlie  teeliniqiie  is  most  effeetixe  Tixr 
detee'iiie  irresm  lari  lies  near  tlie  snrTaee.  It  ean.  hoxxexer.  be  used  Tor  greater  depths  with  deereasing 
• d'xitx . I he  greatest  advantages  oT  the  eddx  eiirrenl  metlwxd  are  t M it  ean  deteet.  xxitli  minimum 
Ml  ^e  preparatiixn.  irregularities  exxneeaieil  bx  paint  or  by  ilirt  embeilded  in  a eraek.  and  t 2)  it  dxxes 
noi  'etiiiire  a eonplant. 

Tlie  eddy  eiirrent  metitoxi  is  eenerallx  nsexi  Txxr  the  xleleetixm  of  tliree  types  ot  xleTeets  1 he>e  "e; 

• Craeks 

• Taxing  snrt'aee  aiul  intergranular  ex'rrosion 

• Heal  xiamage 
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t'racks  most  commonly  occur  at  fastener  holes  at  |ianel  eilites.  I s pical  locations  are  illiisirateil  in 
riinire  !0-o2. 


Figure  10-32.  — Typical  Locations  of  Cracks  in  Fastener  Holes 


I'wo  inspection  methoils  are  availahle.  either  inspection  from  the  surface  or  inspection  ol  a hole  w ith 
the  fastener  removeil.  The  former  melluHl  is  illusiraleil  in  fijiure  1(1-,' .v  It  is  a satisfactorc  methoil 
to  Jetect  the  more  itross  cracks  ha\  inj;  a mittimuttt  leneth  of  roii.ehh  l).-5  inch.  I'he  crack  ma>  he 
lieteeted  effectively  to  an  interface  ileplh  of  0.2  to  0..’  inch.  I'his  is  ilepemlenl  on  tlie  particular 
instrument  ami  operating  freiiuencv . 

Inspection  for  cracks  in  unlilled  holes  with  a pii'he  is  illustrated  in  I'ieure  10-,'4.  I lie  method  is 
apt'licahle  to  inspecting  the  ed;ae  of  a panel  that  has  been  renuneil  for  repair.  This  pri'cedure  is  more 
sensitive  than  the  above.  Cracks  with  len.eths  as  h'w  as  O.O.'O  inch  ma\  be  reli.d'lx  detected. 

I'igurc  10-.'.^  shows  t'  e edd\  current  method  beinu  used  to  inspect  lor  interface  corrosiott  luuler 
I'oily  skins.  It  may  also  be  used  to  detect  damaee  to  the  metal  caused  b>  hiiih  heat  exposure,  fliis 
is  accomplished  by  the  instrument's  al'ility  to  detect  a change  in  the  metal  sirain  structure  and 
conductivity. 

riie  maior  limitation  in  applying  eildv  current  inspection  lies  in  the  way  the  edily  currents  are  imiuced 
in  tlie  part.  1 he  small  eddy  current  coil  must  be  scanned  over  tlie  area  of  interest,  and  in  practice 
the  effective  inspection  area-is  approximateh  .'  U'  inch  in  diameter.  I'he  time  at  each  point  may  \.ir\ 
from  40  .seconds  to  .s  minnies  depeiuliim  on  the  type  of  readini:  and  instrument  beini:  used.  1 or 
larite  surfaces  this  means  a rather  loni:  inspection  time.  (Ither  limitations  are  that  the  specitic  nature 
of  tite  irreitu  lari  lies  mav  not  be  cle.'rK  iilenlitievl  ami  inspection  ol  terromaimelic  met.ils  is  sometimes 
difficult. 
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Figure  W-33.-E\tcrior  Surface  Eddy  Current  Inspection  for  Cracks  in  Fastener  Holes 
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Figure  1 0-34.- Eddy  Current  Probe  Inspection  for  Cracks  in  Fastener  Holes 


OptK'.il  lu'lo;^i.ipli\  1'  .1  iiuduKl  ol  twoiilms;  liio  .iinpliliuli-  .mil  pliaso  ol  tho  optii-al  w .not routs 
rotlootoki  troin  .tii  v’hioot  suol>  tli.il,  when  rooi'nstriiotoil,  tlioso  w.notroiits  lia\o  tlio  rol.tti\o  .iiupluiKlo 
•iikI  ph.iso  of  ilio  onirm.il  w.notronts.  1 hroodiinonsion.il  proportios  .iro  oont.iinovl  in  tlio  im.isro  ot  tlu 
rooonsiriKtoi.1  w.notronts. 


In  pr.iotioo  .1  tross  is  .ipp''^’^'  P-'’’'  ■'  I'oiour.ini  in;ulo  ot  tho  strossoii  .iroa.  .Sh.oht  nunoinont  ot_ 
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10.2.8  THERMOGRAPHY 


riiornial  inspection  is  iiserul  as  a means  of  detecting  bonding  discontinuities  directly  beneatli  relatively 
thin,  low  thermal  conductivity  materials.  Eor  thermal  inspection  to  be  effective,  a temperature 
gradient  must  be  established  in  the  face  skin  that  can  be  measured  or  observed  when  the  skin  is  heated 
or  cooled  after  heating.  Discontinuities  appear  as  local  temperature  changes  in  the  skin.  I he  thermal 
conductivity  difference  between  the  face  skins  and  the  internal  materials  should  ideally  be  large  for 
the  temperature  changes  to  be  monitored  in  real  time.  I'hese  changes  may  be  detected  by  an  infrared 
monitor  or  by  test  techniiiues  employing  substances  that,  when  applied  to  the  test  surlace.  undergo 
physical  or  chemical  changes  iti  response  to  the  temperature  changes.  The  latter  inchule:  cholesteric 
lit|uid  crystals,  thermally  iiuenched  phosphors,  thermally  sensitive  papers  coated  with  organic  pigmetits 
that  melt  over  a small  temperature  interval,  jrapers  coated  with  a thermoplastic  lilm  containing  micro- 
scopic air  bubbles,  papers  coated  with  thermally  sensitive  ilye  precursors,  and  spray-applied  dye 
precursors. 

The  liquid  crystals  and  processes  which  produce  thermally  induced  dye  reactions  have  more  practical 
application  in  bond  inspection.  The  liquid  crystals  respond  rapidly  and  reversibly  to  transient 
temperature  changes  and,  when  used  by  carefully  trained  personnel,  they  may  be  effective  in  conduct- 
ing tests  on  relatively  small  areas.  Large  area  inspection  of  Hat  or  simply  curved  bonded  structures  is 
most  easily  performed  thermally  using  temperature  sensitive  papers  held  by  vacuum  or  adhesive  backing 
against  the  test  surface.  The  full-size  thermograph  obtained  by  this  method  is  easily  interpreted  and 
may  be  preserved  as  a permanent  record. 

10.2.9  ACOUSTIC  EMISSION 

In  some  instances,  acoustic  emission  techniques  have  been  more  effective  than  X-ray.  eddy  current, 
or  conventional  ultrasonics  in  detecting  internal  metal  corrosion  and  moisture-degraded  ailhesive  in 
honeycomb  panels.  The  principle  is  based  on  the  detection  of  sound-  or  stress-wave  signals 
created  by  a material  undergoing  some  physical  or  mechanical  transformation.  The  equipment 
consists  basically  of  an  amplifier  and  a piezoelectric  sensor  with  a resonant  frequency  in  the  low 
ultrasonic  range  { 1 75  kHz).  The  emission  level  is  recorded  on  a chart  or  meter.  A visible  light 
indicates  when  a predetermined  emission  threshold  has  been  exceeded. 

The  process  of  .scanning  the  inspection  area  is  shown  in  figure  10-3b.  Simple  heating  methods 
employing  a hot-air  gun  or  heat  lamp  are  used  to  increase  emissions  from  active  corrosion  sources, 
and  to  create  the  stresses  necessary  to  break  moisture-degraded  adhesive  bonds. 

Corrosion  in  aluminum  honeycomb  that  was  detected  by  acoustical  emission  is  shown  in  figure 
10-37.  Figure  10-38  shows  an  area  that  was  detected  where  moisture  had  destroyed  the  adhesive 
bond  to  tlie  honeycomb  core.  This  defective  area  was  not  detected  by  previous  X-ray  inspection 
because  of  the  lack  of  standing  water  in  the  honeycomb. 
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Figure  10-36.— Acoustic  Emission  Hood  Scjn  Technique  Using  AETC  Model  201  Sigiuil  Processoi 
and  Hot  Air  Gun  Heating 
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Figure  1 0-38  - Moisture- Oegrdder/  Area  Detected  by  Acoustic  Emission 
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The  techniq,  used  to  detect  corrosion  in  aluminum  honeycomb  structure  has  been  described  by 
T.  W.  Rettig  and  M.  J.  Felsen  in  “Acoustic  Emission  Method  for  Monitoring  Corrosion  Reactions,” 
NACE  Journal,  March  1974.  This  technique  is  briefly  outlined  below.  However,  a more  precise 
procedure  is  being  formulated  at  this  time. 

This  test  is  based  upon  the  observation  that  the  application  of  heat  accelerates  corrosion  of 
aluminum  and  results  in  an  appreciable  increase  in  acoustic  emission.  It  is  believed  that  the  formation 
of  hydrogen  bubbles  is  responsible  for  this  emission  rate.  An  amplification  of  90  to  100  db  will 
permit  monitoring  this  emission  and  therefore  the  detection  of  corrosion.  The  tools  necessary 
to  conduct  this  test  are  an  Acoustic  Emission  Technology  Corporation  Model  201  Signal  Processing 
System  and  a hot  air  gun.  The  panel  to  be  tested  is  heated  to  about  65°  C ( 1 50°  F)  by  holding 
the  hot  air  gun  within  2-3  inches  of  the  surface  of  the  panel  for  about  1 5 seconds.  The  acoustic 
emission  sensor  is  placed  a short  distance  from  the  heated  spot.  The  detector  is  held  in  position 
for  1 5 to  30  seconds  after  heating  to  obtain  a complete  record  of  any  emission  in  the  heated 
area.  The  inspection  is  carried  out  on  a 1 5cm  (6  inch)  grid.  An  important  consideration  during 
the  test  is  how  the  acoustic  emission  detector  is  held  against  the  part  surface.  Since  movement 
of  this  detector  can  produce  appreciable  noise,  care  must  be  exercised  in  its  placement  and  holding. 
For  this  reason  this  test  must  be  conducted  by  qualified  NDE  personnel. 


